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PREFACE TO THE Tllllil) EDITION, 


The very able manner iti which this work was originally 
prepared by the author lias established it; us the leading 
authority upon the subject, and in revising Et for it third edition 
the present writer has* after careful consideration, found, it 
undesirable to re-write any considerable portion ; indeed it 
would 1 h± impossible to do so without sacrificing something of 
that clearness and conciseness which so strongly characterize 
the book, and which render it of such great value in inculcating 
the principles of Shoring and Underpinning, so far as is possible 
without practical experience on the port of the student. 

Extracts from the J< London Building Act M of 1894 have 
been introduced in place of those from the Act of 1855 , in 
force at the date of tbe first and second editions, which it has 
superseded. 

Students and practitioners alike cannot tie too strongly advised 
to place the greatest reliance on tbe principle which the author 
was one of the first to laydown, i.f. T the infliction of the minimum 
of disturbance to decrepit or dangerous structures in the practical 
application of shores for their support. 

The author's methods of reducing as much as possible tbe 
number of needles and wedges employed are not universally 
adopted, but even a slight consideration of the advantages 
obtained by following hie method should convince every student 
of the superiority of ttie arrangements shown and explained in 
this work, 

Frederic TL Farrow, F.R.I.B.A. 

V, JtfiLW COL’ltT, 

Liscoti^'s Ien. 

June, 3tK>^- 






PREFACE TO FIRST EDITION 


Tor object which the author nT the follow mg titbit iso hsi.fi in 
view is, sun far oa lie cun, to supply ft want which ha.fi for some 
time lieen felt among tine younger me ml tors of the architectural 
profession, It heia been impossible hitherto, from the author's 
own experience, to get up the subject of shoring and under¬ 
pinning, whether as a necessary part of the education of ail 
architect, or for an examination, without a wearisome search 
in different libraries lot the scraps? of information on the sub¬ 
ject, scattered about among the works of various authorities; 
and the difficulty of obtaining information in this way has also 
ljeen considerably enhanced by the fact that two of the l>est 
authorities on the subject write in si foreign language. Con* 
sequently the student has been obliged, at a groat sacrifice of 
time, to fall back upon the expedient of sketching and measuring 
existing cases ; an admirable method iu its way, but which 
would l>e more interesting and instructive (especially as what 
one most wishes to know is very often hidden out of right) 
if some previous knowledge of the subject hail been acquired. 
Accordingly the following pages comprise a careful collection 
of all the authorities, together with a few additional notes end 
sketches made from actual experience with the work. 

The shoring and underpinning of the towers, columns, and 
niches of mediaeval churches or other old buildings, which have 
succumbed after having served their purpose well foe many 
years, is ft subject too wide and complicated to be thoroughly 
investigated in ft text-book such us this; a few examples how¬ 
ever are given in Chapter VI., and methods are described in 
which some one or two suppositional eases should lie treated. 
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FREFACE TO FIRST EDITION. 


Instances of this class are, however, comparatively rare* and so 
varied in their character* that each requires to be treated in 
its own peculiar way ; and it is impossible to lay down any 
fixed rules* or to prescribe any definite methods by which 
shoving and underpinning may be successfully carried out in 
every case. Bug in the more general cases of shoring, such, 
for instance, as are met with every day in London or other 
large towns, where one house is so much like another in its 
purpose and construction, it is possible* more or less, to prescribe 
methods which will answer as well in one case as in another; 
and it is more the purpose of this !rook to explain these methods 
mid the rules involved in them* as they are more useful to the 
student* and come into the everyday practice of the majority 
of architects. 

Shoring and underpinning, and dealing with ruinous and 
dangerous structures., is one of the subjects of which a know¬ 
ledge is required in the new examination for admission into the 
.Royal Institute of British Architects ; and the author has con¬ 
sequently been careful to compile this treatise with a view, aa 
far us possible, to enable a student to answer any question that 
may be set on this subject, 

Crccl Hades Stock. 

PaBUASIEST MAXBlCtffc, 

Victoria Strret, Westshssthb, 

May, isea. 
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A TREATISE 

of 

SHOEING AND UNDERPINNING. 


CHAPTER I. 

INTRODUCTORY. 

Thebe is, perhaps, no place where the principles of Shoring 
and Underpinning ought more fully to bo understood than 
poor London, founded upon treacherous day, built of bricks, 
and abounding in ruinous buildings, where everything is done 
in such a desperate hurry that anything that comes to band 
seems to be used as a building material by so many of our 
builders, with, no doubt, the reflection on their part, “ At ad 
events it will last our time." The delinquencies ol the builder 
and the treachery of the sod are, however, evils which are 
common to most places ; and the student in the art of shoring 
can hardly complain of a scarcity of examples bo examine. In 
London, at fell events, he has only to turn sharply round the 
corner of a street and he will run against a huge obstruction in 
the middle of the footpath, the feet and solo-piece of a system 
of raking shores. He will, doubtless, at once take out his note¬ 
book and rule, and jot down the scantlings and the position of 
the separate struts; but when he comes to examine how the 
whole system is w r edged up, he finds that he is battled by the 
sole-piece being so buried in clay and dirt that be can elicit no 
definite informntio'a from it. This is nearly always the case 
a. b 
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SEOEDia AS I) UNDERPINNING. 


when -work is examined without any previous acquaintance 
with ita principles; and it is the desire of the author to instil 
into the mind of the reader a sufficient acquaintance with the 
principles and the terms used in shoring and -underpinning, 
that he may afterwards with confidence perfect himself in the 
practical knowledge of the subject by sketching and measuring, 
arid by questioning foremen engaged upon the work. 

It is always necessary, in attempting to obtain information 
from a workman, to go well armed with terms ; for us a rule he 
takes it for granted that you understand the phrases he uses, 
and vouchsafes no explanation concerning them. However, 
this is always the best way to gain practical knowledge upon 
anything: sec the work begun and carried out to the end, go 
into its object, criticise it if possible, and consider whether, 
from your knowledge of the subject, it could not have been done 
better some other way.. Ho student should be content with the 
knowledge he had gained simply by reading a book. 

The mathematical investigation of the nature of the forces 
brought into play in the case of raking shores, though it can 
hardly be said to be absolutely necessary, is still well worth 
the attention of the reader; for it gives him an altogether 
superior grasp of the subject, and makes him feel competent to 
undertake the most difficult problem it can afford. The in¬ 
vestigation of the nature of strains comes, of course, into many 
other of the studies ol an architect, and the time spent in con¬ 
sidering the proof of formula employed can never be said to be 
spent in vain. But, for the convenience of those who may not 
be acquaipied with the science of trigonometry or statics, the 
theoretical has no* been allowed to interfere too much with the 
practical side of the subject; and the mechanics of raking shores 
have been banished to a chapter by themselves at the end of the 
book, so that those who do not understand them need not trouble 
themselves to read them at all + 

As there arc now so many and varied subjects connected with 
our profession* making it almost an impossibility" to gain a 
sufficient practical knowledge of all of them, there is every 
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reason to believe that there will be in the future a demand for 
specialists; that is to say, an architect having on hand some 
work which has not before come much within the range of his 
practice h might be glad to consult with some other member of 
his profession who had made a special study of that one par¬ 
ticular subject, And so, if any of the readers of this book feel 
that they have any inclination, to make a special study of shoring 
and underpinning, and generally dealing with ruinous and. 
dangerous structures, they will find it a pleasing and interest¬ 
ing pursuit, having an element of danger and excitement about 
it sometimes which gives H a superior charm over many other 
of the architect's duties„ 

When once the study and practice of shoring has been 
acquired, there will always be found, especially in London, 
ample scope for the specialist in this branch of the profession 
to exercise big ingenuity; for there is scarcely ever a house 
cleared away for the erection of a new building without its being 
necessary to shore up its neighbours on either side. And so this 
subject cannot be too well understood by all architects, for many 
accidents occur from the shoring being left to the rule-of-thumb 
of the foreman employed on the works, without any supervision 
by some more responsible person. 

Wo shall now proceed to describe the different methods used 
in shoring and underpinning, taking first into our consideration 
the ordinary every-day oases to be met with in London and 
other brick-built towns. 



Ghatteh II. 

ON BAKING SHORES 

We ahull describe in this chapter only the ordinary use of 
raking shores, reserving the different varieties of this method 
to be considered by themselves in another chapter. 

In Plate L Pig. 1 ( there is depicted an example of the 
rafting shore in its most simple form, i. e. with only one 
principal strut. Let us suppose it to he supporting a. hrick- 
wall, 9 inches thick and 20 feet- high from the ground, A 0; 
then A B is the principal stmt, called a shore. IE is a deal, 
called the wall-piece, 9 inches wide and 3 inches thick, and 
bng enough to take the foot of the secondary strut G. In 
this wall-piece, about 2 feet from one end, a rectangular hole 
is cut and a small piece of wood D, called a needle, or by 
some workmen a tossle, or joggle, is inserted, projecting about 
inches on either side of the deal, A half header is taken 
out of the wall near the top and the wall-piece placed in 
position, the needle fitting into the hole thus prepared. The 
other end of the needle, projecting beyond, the facB of the 
wall-piece, serves as an abutment to the hoad of the shore 
at B, JPor additional security a wedge-shaped piece of wood, 
C, called, a cleat, is nailed on. to the wall-piece just above the 
needle, anil prevents it from being forced out of its place by 
the upward pressure of the shore A B. E is a balk of timber, 
called the footing block, or sole-piece, let into the ground, or 
if the ground be soft, laid upon u, small platform of timber. 
A cleat ia nailed upon the upper side of the sole-piece at A 
to prevent the foot of the shore from slipping. Ail these 
parts in connection with the shore will be taken more in detail 
further on in this chapter: at present let it suffice only to 
name them and describe their functions. 
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Now,' the object of this shore ig to prevent the wall from 
being turned over by the thrust caused by a house leaning 
against it* In considering the resistance to be offered to this 
thrust* though it may but seldom be the case, yet we must 
always be prepared for it at its greatest magnitude, and that 
will be when it is great enough to upset the wall. The 
direction of this thrust will of course be at right angles to 
the wall, and it will act at a point near the top, L e, where 
the head of the shore presses against the wall, as shown by 
the line Q in the figure. Now, the most convenient way to 
overcome such a thrust, would be, of course, to place a strut 
at right angles to the wall, or in other words, in a- line with 
the direction of this thrust Q (as in the case of a dying 
shore). But when this cannot l>e done a raking shore is 
necessary, and it is easy to see that as soon as the position of 
the strut is altered from a horizontal to an inclined position, 
a certain percentage of force is wasted in an endeavour to 
thrust up the wall; &Q, taking into consideration the fact that 
action and reaction are tine same, there may be said to be two 
forces brought into play in the case of a raking shore, one the 
thrust (Q) of the wall, and the other a force P, exercised ver- 
ticahy by the weight of tho wall above D upon the head of 
the shore, tending to keep it down, in which the weight of 
the shore itself roust be taken into account. The two forces, 
acting at right angles to each other at the point B, must have 
by the law of forces an equivalent single force acting in some 
direction between the angle of the directions of these two 
forces ; and this force is called the Tesultant. Now, this resul¬ 
tant does not act down the direction of the shore itself, but in 
some direction which varies as there is more or less thrust 
(Q) of the wall; and this direction is found by mathematics to 
be always outside the angle which the shore makes with the 
horizon, as the line p A; consequently the balk or sole-piece 
must not be put at right angles to the direction of the shore, 
but at an angle, as near as can be judged, at right angles 
to a mean of all tbe directions tire resultant may take; 
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and tibia will be, as neat as passible, at right angle? to the 
line A. 

Now in practice this truth is of the greatest convenience, 
for the foot of the shea's, being gently levered. along the solo- 
piece, is compressed tighter and tighter, and so the necessity of 
wedges is dispensed with entirely. In order to facilitate this 
operation of levering the share into its place, a groove or slot is 
cut in the under side of the foot of the shore, large enough only 
for the carpenter to insert the end of a crowbar as a lever. (See 
Plate II. Fig. 6.) This was the method employed in most of the 
shoring executed for the Metropolitan Board of Worts, and it 
may be considered the best; for, in dealing with structures that 
are really in danger of falling, the greatest care must be taken 
to avoid all blows with a hammer or mallet, such as are 
necessitated by the use of wedges at the foot of the shore, 

From what has been said about the tendency of the shore 
to lift the wall, and the consequent reactionary force P, which 
keeps the head of the shore down, it is obvious that the needle 
most not be placed too near the top of the wall, fox, unloss 
there is sufficient weight upon, its head, the shore will rise and 
burst up the courses above it, 

There is yet another force brought to bear upon a rating 
shore which we must not forget to mention, and that is a 
cross strain, S, acting at right angles to the shore, and tending 
to bend it inwards, the truth of which may be investigated in 
the chapter on the Mechanics of Raking Shores, at the end of 
the book. It is to counteract this cross strain that the 
secondary strut G is necessary, and in cases where three or 
four shores arc combined in one system, as in Figs. 2 and 3, 
this strut answers the double purpose of counteracting the 
cross strain and binding the chores together. 

Having now considered briefly the nature of the forces brought 
into piny in the case of this single raking shore, and the practical 
lessons that they teach, it only remains to be said that where 
there are any number of shores in a system, each separate shore 
in that system is subjected to the same forces or strain? as have 
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been described in the case o£ Fig, 1. In fact, this figure may 
he considered as the outer shore in & system of two on more 
shores. It has been used here more lor convenience of descrip¬ 
tion than as a method to he adopted. As a general rule, two or 
more shores should be used in a system. 

With regard to the scantlings of the timbers used in raking 
shores, as they are for the most part hut temporary erections,, 
builders generally use such timbers as they may have by them, 
which are too rough for better work. But in order to be quite 
cure that the timbers are strong enough to resist- the utmost 
strain that can be put upon them, it- is always as well to use the 
formulae, which are appended, with an example, at the end ol 
this chapter. 

We will now go on to consider Fig. 2 in Plate L This is the 
rak*ng shore most commonly seen ; it is simply a triple arrange¬ 
ment of that described in Fig- 1- The wsl 1-piece is made much 
longer in consequence, and has throe holes cut in it, and three 
needles inserted with their cleats nailed above each. The outer 
shore is called the top raker, the middle shore the middle raker, 
and the loweat is called the bottom shore. As the top raker of 
thia system is a much longer shore than that shown in Fig. I, 
it will be necessary to strengthen it with more than one 
secondary strut. This is done by nailing pieces of timber about 
1 inch thick, and from 6 inches to 9 inches wide on either side 
of the shores, as shown at G in Figs. 2 and. 3. These braces 
are brought home against the wall, and nailed to the sides ol the 
wail-piecc (which, if wider than the shores, is best notched out 
to receive them), and their position is generally just below the 
points where the needles outer the wall. As the bottom shore 
cannot conveniently have a secondary strut* it is generally tied 
up by a. brace similar to those at G ; this brace is also useful to 
bind the throe shores together as they approach each other at 
their feet, and helps to render the whole a homogeneous system, 
incapable of turning about or warping when tried by the thrust 
of the wall. Hoop iron is also nailed round and round the feet 
of the shores to prevent any possibility of their separating. 
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In Plate I. Fig. 3, we have a much larger and more com¬ 
plicated system of shores. It differs from the other in this 
respect, that the top raker or rider shore, as it is called in this 
case, instead of coming down to the ground as before, is made 
to spring from the back of the shore immediately below it. 
This is, of course, done because it would be impossible, except 
at considerable expense, to obtain so long a piece of timber as 
would otherwise be required. In some cases the foot of this 
rider shore is made to rest upon a large cleat, nailed to the back 
of the shore below, but the best method is to let it rest upon 
another piece of timber of the same scantling, which, secured to 
the back of the shore below, goes down to the sole-piece, as 
shown in the Fig. 3. This rider shore may be of a smaller 
scantling than the others. 

Now this plan, though it answers very well in a case like 
Fig. 3, should not be allowed in the case of Fig. 2 (unless there 
was great difficulty in obtaining a piece long enough for the 
top raker), for this reason, that the power of wood to resist 
compression is very much impaired by any cross strain that may 
be put upon it. But still, if in the case of Fig. 2 the house was 
really in imminent danger of falling, or was very much out of 
the perpendicular, it would not only be advisable, but even 
absolutely necessary, to keep the top raker in two pieces, and 
fix it as in Fig. 3, because the disturbance and blows upon the 
wall, which would be caused by the moving about and fixing 
so largo and heavy a pieoe of timber, might result in bringing 
about what it is the object of the shores to prevent, viz., 
the total wrfeck of the house. But whenever the method of a 
rider shore is adopted, tho shore below it must be made 
proportionately stronger, to enable it to resist the cross strain. 

This may be done either by increasing the scantling of the 
raker, from the back of which the rider shore springs, or by 
solid struts between the rakers, as shown in Fig. 1, Plate II. 

In Fig. 2, Plate II., is shown an example of an extended 
application of this latter method for a lofty building of several 
floors. 




PLATE, III 






















OW TtAKr^G SHORES, 


9 


When very long timbers oro required for the raters, they are 
sometimes scarfed, The scarfs should be square shouldered, 
with fish-plates o£ iron or oak plank, and should be made with 
great core. 

In those cases where it is of considerable importance that 
the shores should he kept as light as possible, a great reduction 
of wdght may be effected by trussing the timbers with east- iron 
or hard wood struts, and wrought iron or mild steel tic-rod b„ 
The trussed timbers are, however, more expensive, and though 
lighter in weight are more awkward to handle, so that they arc 
rarely employed in shoring. 

Whenever possible, the method described for Fig. 1 of levering 
the shores into their positions on the sole-piece should be used; 
but if it is found impracticable to compress sufficiently the 
middle rakers in this way, oak wedges can be used, care being 
taken to drive them home gently, the object being to support 
the wall, not to thrust it over. The rider shore is compressed 
by two oak wedges, gently driven home on either side of the 
foot where it meets the timber secured to the shore below, as 
shown in Plate III, Fig.. 1. The system of shores which has 
only two struts is a very common one* its principles and con¬ 
struction being in every way similar to what we have already 
described. 

The following paragraph may be taken, as a general rule, 
for the number of shores to be employed in each system, and 
the scantlings that should be given to each :— 

For walls from 15 ft. to 30 ft, high, two shore* arc necessary inenobsyitem- 
Ditto 30 ft, to Juft. n thrt* ditto. 

Ditto ft, and upwards, four ditto. 

Taking the angle of the shore at GO” to 75^, 

For walla from 15 ft. to 2D ft. high, fi In. X 5 in- maybe the■CAntlingfrr 

each shore. 


Ditto 

20 ft, to 3Q ft. 

11 

0 in. X 0 in. 

ditto. 

Ditto 

30 ft. to 3u ft. 

19 

7 in. X 7 in. 

ditto. 

Ditto 

35 ft, to 40 ft. 

11 

8 in. X S in. 

ditto. 

Ditto 

40 ft. to SO ft. 

19 

9 In, x S Jn, 

ditto. 

Ditto 

50 ft, and upwards, L£ in. X 9 in. 

ditto. 
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The systems of shores should not if possible be more than 
from 12 feet to 15 feet apart; but if they are placed nearer to 
each other than this the scantlings may be made lighter, which 
will be of great advantage in the case of a really dangerous 
structure for the reasons mentioned above. 

The general arrangement and construction of the raking 
shores which are most commonly used having been explained, 
it now remains only to say a few words with regard to their 
details. As these can best be explained by the figures on 
Plate III., it will be sufficient merely to refer to them, pointing 
out their uses. 

The meaning of Fig. 1 has already been explained; the oak 
wedges, which compress the rider shore, have been driven 
home, and sawn to a neat appearance. Fig. 2 is the needle, 
which in good shoring is made out of a piece of wood about 
4 inches square and 1 foot long, cut down at one end to the 
size required to fit the hole made in the wall; a shoulder is 
thus formed to butt against the wall-piece, and a good strong 
abutment is afforded for the head of the shore. Fig. 5 is 
a sketoh showing the needle in position in the wall-piece, with 
the cleat above it, and the manner in which the head of the 
shore is notched to fit the under side of the needle. This is a 
very neoessary expedient; for the author has known an instance 
of the top raker in a system of shores, a long and heavy piece 
of timber, having been blown down by a sudden gust of wind 
—seriously injuring two workmen who were underneath it at 
the time—from the neglect to notch the head of the shore, or 
otherwise secure it in case of its becoming loose. Iron braces, 
as Fig. 3, called iron dogs, are sometimes used for this purpose, 
as also for securing the feet of the shores to the sole-piece, and 
the foot of the rider shore to the shore below it. It is important 
that the pointed teeth of the iron dogs should be at right angles 
and not at an acute angle with the shank. It will be noticed 
that, in the sketch Fig. 5, the wall-piece is secured to the wall 
with iron hooks, a detail of which is shown in Fig. 4; these 
are convenient to hold in position during the insertion of the 
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needles and fixing of the shores. Mg. 6 shows the method of 
levering the feet of the shores along the sole-piece. A cleat 
should be nailed to the sole-piece against the foot of the outer 
shore, and the spaces between the shores, if they do not quite 
touch, should be filled in with a bit of stuff 

The greatest- care must be taken that the sole-piece rests 
upon a firm foundation of solid ground, for the efficacy of the 
shore depends very much upon an unyielding base. It should 
first be ascertained that there are no cellars or vaults under the 
spot that the sole-piece is to occupy, and all in ado ground, soft 
olay, &c., should he avoided if possible; hut jf, as often happens, 
it is impossible to obtain a firm foundation without going to a 
considerable depths the sole-piece must rest upon a carefully 
made platform of timbers, laid across each other, which will 
press equally upon t-he ground ail over- This platform may be 
laid level, &rcd the sole'piece raised to the required inclination 
by wedge-shaped, pieces of oak fixed upon it; or it may be laid 
at once to the inclination of the eole-piece. In some cases, 
where great pressure is likely to come upon the shore, a good 
bed of concrete is prepared, and the platform which takes the 
sole-piece laid upon it. 

When a space has been cleared away, and raking shores 
Eire erected to support the surrounding buildings, they must not 
be put up indiscriminately, without reference to the plana and 
sections of the new building which is to occupy the space ; hut 
caro must he taken that they shall interfere with the building 
operations as little as possible. As the new building rises to 
the under sido of tho bottom shores, they axe taken down, the 
middle and top rakers being left In position fill they are reached 
in their turn. The foundation of the shores 3hould be left 
untouched until all are taken down, 

It is obvious that the more inclined the shore is with the 
horizon, the greater is the lateral thrust it will exert. An 
angle of 40° is considered to be the best inclination for raking 
shores; but there is very seldom room for so groat a spread at 
the foot os this requires, and they are more often raised to an 
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angle o£ 60° or 70°. But it should alw&ys be borne in mind 
that the more the shores are brought in at the feet, the less will 
be the lateral thrust they will exert against the wall. 


Fanil ula for determining the, pressure brought to hear upon a 
raking shore by the house whieh it supports. 

Referring bach to the example (Plate I. Pig, 1), we have seen 
that there are two principal forces, P and Q. brought to bear 
upon ths shore. Before we can determine what effect these 
two forces have in compressing the shore, we must first 
discover the magnitude of each of them separately. 

To find the maximum horizontal thrust Q exercised upon the 
wall (Q being in cwts,), we must use the following formula 


Q 


Wxi 

2BC S 


L 


Where W is the weight of the wall in cwts., tie the thickness of 
the wall at the ground line in feet or parts of a foot, and B C is the 
distance of the head of the shore from the ground, also in feet. 
To find the vertical force P, to be expressed in cwta. 


11? TV 

P = Q tan, 0 s --jj.li- 


Where B is the angle the shore makes with th& horizon, and in 
is the weight of the shore itself in cwte. 

Having found by the above formulae the values of Q and P, 
we can now find the compression P down the ahore which they 
produce, the formula— 

F ^ P sin. 0+ Q cos. 0, ♦, . . III. 
where P is in cwts. and 6 is the angle the shore makes with the 
horizon. 


" The Tender, even if be fens never before ’been acquainted with the trigo¬ 
nometrical symbols, sin., cot., tan., Ac., need not be &b all alarmeil at their 
appearance here; for it we know how many degrc^E there are in tht angle tf, 
WC have only to refer to Borne table Of natural sines, raEiaes, tangent*, &c,, and 
we abail find that the Cxprcsaian tan. 6 l$ transformed into * convenient 
decimal* For inHtancE, the ahpru A B in PI* 1. Fig 1 , 1 makea an angle of 
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Kow r taking the example in Plate 1* Pig, 1, a wait 30 feet 
high, -with a frontage of 10 feet, is supported by a raking shore 
of fir, 4 inches by 4 inches, the head of which B is 16 feat from 
the ground AC. The angle f? t or B AC, in 70^, and by referring 
to a table of natural sines, &e, r we find that sin. Q is ’93969, 
cos, 6 is '34203, and tan 6 is fi-7474. Taking the wall at 
1 owe-, per cubic foot, its weight "W will be 150 cwt. r and its 
thickness t is 9 inches, or £ of a foot. The weight w of the 
shore itself is -£- cwE, 

The value of Q is obtained from I. 


Wx( iSOxf 
4 _ 2BC“ 


32 33 

i, e. the maximum horizontal thrust is Sfc cwt. 
The vertical pressure P is obtained from II, 


3j cwt, approximately, 


; Q tan. 0-| = (34x2-7474)-*. 


191 OWt, 


The compression F down the shore is found from IIL 

F ^ P sin, $ + Qcos,^ = (91 x -93069) -f m x -34202) *> 9£ cwt, 
approximately; 

be, the shore as a post has to resist a pressure of 9J cwt* 

To find whether the shore is strong enough to resist this 
pressure, we must use the formula for a long, square poet, 

T dt 

L " * * js 

where u is 16 J 5 for fir, d is the least width in inches, and l is 
the length in feet; 3j being the safe load in cwts, that may be 
put upon it. 

Very often, however, the breadth of a shore is double its 
width, i. e* the sides of the section bear a proportion to one 
another of \; consequently, as we get twice the resistance, we 
multiply L as found by the above formula (in which d in this 
case is the lesser side) by 2 for the safe load required. 


70* with the htHlEffn, A C. We lock, say ill Moles worth's Rocket- book of 
Engineering for the tablet! of natural sines, fcc., and ire m that 

tan. 70* is 2‘74 74, 
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Wien the section is 6 inches by 4 inches f for instance, the 
sides bear a proportion to one another of £ or ■§, consequently 
we multiply Xj us found by the above formula (in which d is 
the lesser aide) by 4 for the safe Load required \ and so for all 
scantlings. 

It has, however, been found by experience to be always best 
to m alee shores of square timber. The shores erected by the 
London County Council are generally 01 a square section, and 
timber of this kind can easily be obtained from 4 inches by 
4 inches to 13 inches by 13 inches. 

In. the example before us the shore has a square section; 
then, 

L = 15*5 x fff = 13f ewt. ; 

i, c h the safe Load which the shore will carry ia slightly in excess 
of the compression F, to which it is actually subjected. 

Xu this manner the top raiser in a system of shores can be 
tested. 

The compression down the middle rater and bottom shores 
can also be determined in the same way, a separate value of Q 
being worked out for each. It will be found that this com¬ 
pression increases as the shores are placed lower down the wall; 
but as the power of resistance in the lower shores is also con¬ 
siderably increased from their being bo much shorter than the 
top rakeT, they will be quite strong enough if made of the same 
scantling. 





Jiijfi'jnrj Fh e-id ]iih ■L-azd.rrn, '* r . C. 
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Chapter HI¬ 
GH A FEW ADDITIONAL PRINCIPLES, VARIETIES, 
AND USES OF THE BAKING SHORE, 

Though we font seldom Etya any other modifications of the 
raking shore than those which have already been described, 
yet there arc certain cases which call for special adaptations ol 
this system ; and it ia for the carpenter to prescribe that method 
in each case, which his skill suggests or his experience dictates. 
It would, of course, be needless to describe every variety and 
use of the raking shore; but some few additional remarks (for 
which, with the diagrams, the author is indebted to M, Viollot- 
le-Duc’s article on Shoring), may possibly be useful. 

It is usual in most cases, where more than one shore is 
used in a ay stein, to spread them out at the top and bring them 
together at the foot; but this should not be done if there is a 
■sharp bend in the wall, els at 0 in Plate IV. Fig. 1, but the shores 
should be placed as is indicated in the figure, i. e> they should 
he farther apart at their feet than at their head. For (as it is 
necessary, in all oases where there is a prominent bend or 
rupture in a wall, that the head of the outer shore should rest 
exactly above the point where this bend or rupture occurs), 
if the usual method be adopted the head of the lower shore will 
act at the point E; but it will he dangerous to ereit a hori¬ 
zontal pressure upon the wall at this point, for it will only tend 
to aggravate the rupture below the bend at C, But when a 
wall is bent in a uniform manner as in Dig. % the shores are 
best placed in the usual way, approaching together at the foot; 
for while the upper shore A B takes the load, the lower shore 
E B can ecsexcise a more effectual resistance to the bend of the 
wall. Thus it is always best to employ mors than one shore in 
a system. 
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Fig 3 shows the way in which, the hand of a raking store 
may be fixed in a masonry wall. A hard header of stone is 
built into a hole made in the walk projecting beyond the face 
of t he old work, and a piece of heart of oak is placed underneath 
it aa a seating or needle for the bead of the shore. 

When two or more shores me employed in a system they 
should never be parallel,hut (to quote M, Viollet-le-Duc), “they 
should always form a triangle gt a portion of a triangle, for 
this reason, that a triangle can never be thrown out ol shape; 
when braced, shores which are not parallel present an entirely 
homogeneous resistance ; whereas if they are parallel they will 
become bent, however well braced, they may be/ r 
This truth may be extended further; and when two systems 
are combined in one, as is sometimes done when great strength 
is required, they should not be placed parallel to each other, 
hut they should form a triangle on plan, H3 is shown in Fig. 4 
in perspective. Tins kind of shore, if it is w r ell braced, is exceed¬ 
ingly strong, and suitable to prevent the pressure of the earth 
from overtiuming a terrace wall. 

16 is often possible to make use of a raking shore, not only as 
a support, but also as a means whereby a wnll may be pushed 
back again from a learning to an. upright position. An instance 
of this has come under the author's notice in the case of one of 
the walls of a large warehouse, which had gradually been pushed 
out of the perpendicular. The foundations were examined and 
found to be in a comparatively good condition, and the face of 
the wall, though out of the perpendicular, presented a uniform 
appearance, i. e. there were no serious bulgEs or cracks percep¬ 
tible on its face; and consequently the idea of restoring its 
perpendicularity seemed possible to be put into execution, 
without any danger to the wall itself. Accordingly, raking 
shores were placed at intervals along thE wall, and a powerful 
scraw jack fitted under the sole-piece ol each system; the con¬ 
nections ol the quoins with the return walls were then cut 
away, and the roof and floors of the buildings, having first been 
propped up with posts and struts from the basement to the 
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topmost story, were also cut oflf from all connection with the 
wall, A wedge-shaped fissure was next cut in the brickwork, 
at a point near the base of the wall on the internal! face, and 
the space thus cut out was filled up with sand. The screw 
jacks were turned evenly and gently, and the wall, squeezing 
the sand out of tbs fissure, was gradually pushed back by the 
shores into its original position. The roe! and floors were 
again firmly connected with the brickwork, the posts and 
shores taken down, and the whole then presented an 
appearance as strong and satisfactory as when it was first 

crocked. 

Another method used for bringing back into the perpendicular 
the two opposite walls of a building, which have been thrust 
outwards by a roof or vault, though it is perhaps hardly d 
propos here, may as well be mentioned. It consists in flying 
bars of wrought iron across the building from one wall to the 
other, which puss through to the outside, and are then screwed 
to large nuts, or washers, placed against the external face of 
the walls. Fires are lighted under these bars, and as the metal 
expands the washers ate screwed up as tightly as possible. The 
fires are then extinguished, and when the bars begin to cool, 
the force of their contraction gradually draws the walls 
together. 

Jkut to return to the raking shore, another of its many uses 
is to steady a wall whilst it is in process of being underpinned; 
these raking shores should be left in position for some time 
after the works have been carried out, so as to enable the 
wall to take its bearing upon the new work without danger of 
disruption. 

The best wood in which all shores should be mads is un¬ 
doubtedly the fir, because its grain is always straight, and it 
can be obtained in long pieces. It is difficult to make good 
shores of oak, as it is generally of a middling length, has a 
twisted grain, and is heavy and more troublesome to lift in 
consequence. Oat ought to be used, however, in preference to 
all other woods for the wedges, searings, itc., and even for the 
s. c 
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Bole-pieoe (though this is seldom done), because its texture does 
not crush under the load like that of fir. 

Care should be taken that the shore is thoroughly well put 
together, that all the joints are made to fit exactly, and that the 
foot of each strut has a perfect bearing upon the sole-piece. 
Nothing is more satisfactory than to see a shore well made, and 
those who design and construct in this art cannot help feeling, 
in such a case, a pang of regret when their handiwork is cleared 
away. 
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Chapter IV. 

ON HORIZONTAL OR FLYING SHORES. 

’When a house is taken down in a street, and the party walls of 
its neighbours on either side require supporting, and if the space 
between the two is not greater than about 32 feet or 33 feet, 
horizontal struts, reaching from one wall to the other, are 
employed; these are called flying shores. 

In Plate V. Fig. I, is depicted the usual method of con¬ 
structing these shores. Two wall-pieces E are provided and a 
rectangular hole cut in the centre of each for the insertion of 
the needles D, which rest in boles cut in the wails, just as has 
been described in the ease of raking shores, a cleat C being 
nailed below' them for additional security. The horizontal 
strut A B is compressed by oak wedges driven together above 
the needles D, and it is stiffened by the raking struts G, which 
butt against cleats 0 on the walNpiecos, and against straining 
pieces F, securely nailed to the top and under side of the 
horizontal stmt A B. 

It will be easy to see that by this method a very effectual 
resistance is offered to any in clin ation of the houses to fall in 
upon each other; but it will also be necessary, in most cases 
where flying shores are employed, to support the an^Jes of the 
walls towards the street with raking shores, as shown at H in 
Fig. 1, Of the two houses, however, here represented, the oae 
on the left hand is secure, and needs no shoring at all, having 
been built independently ol the house that has been cleared 
away, or in other words, the return wall belongs to it exclusively, 
and has not been shared as a party wall by the house adjoining ; 
consequently the flying shore has to resist the thrusts of the 
opposite house only. But when both are party walls it will b& 
best, although not theoretically necessary, to allow sufficient 

C % 
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strength in the shore to resist the thrust of both the houses 
together; and it will also be necessary to support the angles of 
both the walls, both in the front and at the back, with raking 
shores. 

The thrust exercised by the wall of the house on the right- 
hand side in Pig. 1 may be found at any point in its height by 
the useful formula, 


Wx 
** 2BC 


where Q is the thrust in cwts., "W is the weight of the wall in 
cwts., t is the thickness of the wall at the ground in feet or 
parts of a foot, and B C is the distance, in feet, from the ground 
to the point at which it is desired to ascertain the thrust. 

It is obvious from the laws of leverage, that the best position 
for the shore to occupy iB near the top of the wall, as shown in 
the figure; and by working out examples by the above formula, 
which is framed on the supposition that the wall is just falling, 
it will be found that the thrust will increase considerably as 
we come lower down the wall. Consequently, if from some 
inconvenience, the shore cannot be placed near the top of the 
wall, it must be made proportionately stronger the lower it is 
brought down. It is a common and a good practice to place 
two or more flying shores one above the other, in the same 
porpendicular plane, thus holding up the wall at every point in 
itB height. In this case it is best if possible to have the wall- 
pieces in one length from the top to the bottom of the system. 
If the wall bulges at certain points, as in the figure, or if any 
projections occur upon its face, the wall-piece must be packed 
up behind with firring pieces, and so made to press equally 
against the wall at every point in its length. 

The reason why the span of a flying shore was limited, 
apparently so dogmatically, at the commencement of this 
chapter, to 32 feet or 33 feet, is because ordinary Dantzic fir 
cannot easily be obtained in pieces of a greater length than 
this. Scarfing or joining two lengths into one is not a wise 
practice in the use of flying shores; for unless the scarf is 
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executed with greater care than ia -warranted by the temporary 
character of the work, it is worse than useless. Eor it cannot 
be guaranteed that the horizontal strut will only ho compressed 
in the direction of its ails, but the wall, if it leans forward 
uniformly, will make its thrust first felt down the upper raking 
struts, and so produce a. cross strain upon the principal strut; 
and the power of the principal strut to resist this cross strain, 
even though it is stiffened by the lower raking struts, would he 
very much diminished by a scarf, especially if the span is con¬ 
siderable, a? of course it would be if a scarf was necessary. 
Thus it is always best to use only one whole piece of timber 
for the principal strut j. and if this cannot be obtained long 
enough in Dant^ic fir, pitch pine must be used, which can bo 
procured in pieces, if necessary, feet long. But unless the 
houses to be shored are a great height, say from 70 feet to 
80 feet high, it would be more economical to make use of 
raking shores. 

With regard to the scantling that should be given to the 
timbers of a flying shore, the following may be taken as a 
general rule:—■ 

Par spans not exceeding 15 feet, the scantling for the prin¬ 
cipal strut may be 6 inches by 4 inches, and for the raking 
struts, 4 inches by 4 inches. 

For spans from 15 feet to 33 feet, the scant]5 eg for the 
principal strut may be from d inches by 6 inches to 0 inches by 
9 inches, and for the raking struts from 6 inches by 4 inches to 
9 inches by inches. 

In both cases the straining pieces must he stoui enough to 
giye a good bearing to the ends of the raking struts. 

The scantlings given above are for shores which occupy a 
position at about three-fourths of the distance from the ground 
line to the top of the wall* and which are placed at intervals of 
not more than 10 feet to 15 feet from each other. 

It may sometimes happen that when it would he more con¬ 
venient and economical to support a house with flying shores, 
an objection is raised by the owner of the house which it is 
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proposed to use as an abutment, either beoause he is afraid of 
his wall being pushed in by the pressure brought to bear upon 
it, or because the unsightly appearance of the shores may be 
prejudicial to his premises. This objection he has a perfect 
right to make, and he can compel his neighbours—of course at 
his own risk—to tie in the wall from the back, or, if there is 
room on their property for the erection of raking shores, to 
adopt this method of supporting the wall. There was an 
instance, some years ago, of a case of this kind on the Thames 
Embankment, opposite the Temple Station of the District Rail¬ 
way, where, although the wall of the house which required 
support was over 60 feet high, and there was an admirable 
abutment for flying shores close at hand, yet the more expen¬ 
sive method of raking shores was adopted, no doubt because 
the adjoining owner objected to have his premises disfigured, 
as they certainly would be by flying shores butting against 
them. 

We will now go back to consider Plate V. Fig. 2. This is a 
contrivance which must be employed if the house to be sup¬ 
ported is higher than the house which is used as an abutment. 
It is more convenient, more economical, and more effectual 
than a raking shore springing from the ground would be, 
especially if the height of the building is considerable. In fact, 
in all cases where the span is not more than about 33 feet, and 
there is no difficulty in obtaining a good abutment, it is always 
best to employ flying shores in preference to raking shores; 
for, apart from the consideration of economy, they present a 
more direct resistance to the thrust, are well out of the way of 
any building operations that may be carried on below them, 
and can remain in position without danger of being disturbed ; 
whereas the feet of raking shores are always in the way, and 
the excavating and pumping which is so often carried on around 
them, unless great care is taken, is almost sure to loosen their 
foundations, and so to render them useless. 
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Chapter Y, 

ON NEEDLE SHOEING AND UNDERPINNING. 

We have hitherto been dealing only with those methods of 
shoving which are used more particularly when some pre¬ 
cautionary measures must bo taken to arrest a dangerous 
movement in the -wall of a building* but which may be said only 
to assist the foundation in the real task of supporting the walk 
We now come to consider tire case when tire support of the 
foundation is no longer to be relied upon,, and the wall is to be 
gripped and held suspended in the air by the shores along, 
while its lower portion is cleared away entirely, either to be 
replaced by new work or to remain open for a doorway or shop 
front. The method employed to support the wall sr. such a case 
is called needle shoring: in principle it is the most simple of 
any, and needs but little explanation ; but in practice it required 
the greatest care. 

It consists merely in cutting holes about 14 inches square 
through the wall of a building, at intervals of from G feet to 
7 feet from each other, and inserting through these holes abort 
balks of timber called needles, which are propped up at either 
end by stout posts, resting upon sole-pieces laid upon timber 
platforms on the ground. Oak wedges are driven together at 
the feet of these posts, or the sole-pieces are laid^at a alight 
inclination, and the posts are levered into position in the same 
way as the feet of railing shores. The needle is thus pressed 
tightly against the under side of the brickwork, and after 
raking shores have been fixed as an additional security in 
supporting the wall, the lower portion can be taken down with¬ 
out feAr i the whole weight of the wall and floors being carried 
by the needles, and transmitted through the posts to the ground. 
The wall is supported on the principle of a corbel springing 
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from either side of the needle, and finding its way through the 
perpendicular joints, until it is met by the line of the corbel 
springing from the neighbouring needle. It might be supposed 
from this that the triangular space between the corbels, haying 
nothing to support it, would fall out; but this is not the case in 
practice, for the adhesion of the mortar is sufficient to hold all 
the bricks together if the distance from one needle to the other 
is not greater than about 6 feet or 7 foot. However, if there is 
any tendency on the part of the bricks in this space to fall, they 
must be temporarily strutted up from below. In this kind of 
shoring there is nothing to be gained and everything to be lost 
by using timber of a small scantling. For the needles, and for 
the posts as well (unless they are very securely braced to each 
other), whole timbers (i. e. about 18 inches by 13 inches) should 
be used. 

The above brief description brings us to an end of the three 
methods of shoring usually employed to support a building; but 
before we give a practical example of this last method, it may 
be as well to say a few words here upon the general subject of 
ruinous and dangerous structures.* 

The first thing of course to be dono when a structure is found 
to be unsafe is to shore it up at once on all sides, either with 
raking or flying shores, as may be most convenient; but, before 
we can determine how it can best be restored to a sound con¬ 
dition, a careful survey must be mado of all the walls, so that 
we may find out from the nature of the cracks and bends, and 
other guiding marks, what is the cause of the failure, and in 
what direction the fault lies; for in this way only can we know 
with certainty how and where to apply a remedy. There are, 
of course, many causes to which the failure may be attributed, 
all of which should be considered when the building is 
examined, such, for instance, as the use of bad mortar, the over¬ 
loading of the wall, the thrust of a vault, or, more commonly, 

* For the convenience of the London reader, the law concerning 
dangerous structures in the metropolis is appended at the end of this 
Chapter. 
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some defect in the foundations,* Bat as it 'would be an 
impossible and useless task for us to go into all the cases of 
failure that are likely to occur, and to prescribe here wh&t 
should be done in the way of remedy in every instance, we 
must content ourselves with the investigation of one example 
only, and let it suggest in principle at least what should be 
done in many other cases. 

The failure of the foundations is, as we have said above, the 
most common cause of ruin in a building, and the method of 
restoration known as underpinning, which is employed in such, 
a case* is of every-day occurrence ; consequently we cannot do 
better than select this subject in considering the treatment of 
ruinous structures. 

If, niter a thorough examination has been made of a dangerous 
building, and from the nature of the cracks and bends and 
other evidence of failure in the walls, it is proved beyond doubt 
that the fault is not to be found in the superstructure, then 
inspection trenches should be cut, and the foundations examined. 
At one time it may be discovered that the footings have been 
built with bricks or stones which are both bad in themselves 
and improperly bonded in the work; for this is, unfortunately, 
& very common practice with some builders, to get rid of all 
their had bricks, or odd bits of stuff, in the work below the 
ground. Nothing leads to more disastrous reeulta; for it should 
be remembered that the lower a stone or brick is placed in a 
wall the greater is the weight it has to carry, and consequently 
the very best materials should be used in the foundations of a 
building. At another time it may be found that tbb footings 
have buckled up at either side into the shape ot the letter y„ 
from the offsets being too great, or from the fact that back joints 
have been allowed beyond the face of the upper work. Only 
beading courses should he allowed in footings, stretching courses 
should only he used when the footing courses are doubled, and 

4 The render is referred tc an etcellent paper, by Mr. Edwin Nash, on. 
“ Failures in Oongtructign/* recorded in the Ll Transactions qf the Rival 
Institute of British Architects/' 1867, toL ivtii. 
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then the stretching course should occupy a position under the 
heading course. It may often happen that the concrete or the 
mortar used for the brickwork below the ground, if the situation 
is a very damp one, has never properly set from the want of 
hydraulic properties in the lime used; or the concrete and 
foundation generally may have been dislocated by the expan¬ 
sion and contraction of the clay on which it rests. Again, the 
failure may be caused by some defect in the design of the wall 
below the ground, such for instance as piers standing upon 
inverted arches which have not sufficient abutment; or if the 
building be an old one, the materials of which the foundation is 
composed may have decayed so much in process of time as to be 
no longer strong enough to carry the superincumbent weight. 

Instances such as these may be enumerated by the score, and 
the time spent in their investigation can never be considered as 
wasted, for they teach us what to guard against in the future ; 
and in examining a dangerous structure the knowledge of 
defects in other oases often helps us in finding out the reasons 
of failure in the case before us. 

If a wall whose foundations have thus been discovered to be 
at fault is in all other respects in a comparatively sound and 
homogeneous condition, i. e. if there are no very serious cracks 
or sharp bulges perceptible on its face, or if it is only a few 
inches out of the perpendicular, it can be restored to a perfectly 
sound and healthy condition by removing the bad foundations 
and replacing them, either wholly or in part, with good and 
reliable new work. This operation is called underpinning. 

It is carried out in the following manner:—Raking shores 
are first erected to assist in supporting the wall, and the ground 
on either side of it is then dug out at one point only, generally 
at the centre; and it will depend upon the condition of the 
brickwork or the masonry of which the wall is composed as to 
how many feet along the wall this excavation may extend. 
Good brickwork will carry itself over a span of 6 feet or even 
7 feet, and the same may also be said of most kinds of 
dressed masonry; but when the foundations of a wall have 
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failed'the homogeneity of the material of which it is composed 
is partially destroyed, and it will not he safe to underpin, as a 
general rule, more than 3 feat at a time, All the foundation 
comprised within this dimension, whether it be brick, atone, 
concrete, wood, or iron, is removed entirely, and a new founda¬ 
tion is commenced upon the solid ground, and built up within 
the cleared space to the tinder side of the old work* 

Before, however, this new work is commenced the ground on 
which it is to be built must be thoroughly examined, and if 
necessary inspection gbafta should be dug for this purpose; for 
the neglect to examine the ground may have been the original 
cause of the failure* After it has been proved satisfactorily 
that- the ground is fit to be built upon, a good bed of Portland 
cement concrete should be carefully laid in a trench out to 
receive it. It should not l*e allowed to be thrown in from the 
ground level as is go often done, for in that case all the larger 
stones fall first; but it should be let down in buckets and 
quietly deposited, and, after it has been well rammed, tbe 
cement on the top should be flushed off to a level surface* If 
brickwork is to be built upon this concrete, slabs of York stone 
are often, laid over it to receive the footings. A good workman 
wiE measure the distance from the surface of this stone to the 
under side of the waE above, and will so arrange his courses 
that they wEl fit into the spaco exactly, allowing for the 
breadth of the joints; hut if, when the work has been carried up, 
it is found that the last course does not quite reach to tsie 
under side of the whole work, a carefully laid course of pavement 
tEes, or slates must bo pinned into the space, and well grouted 
with liquid cement, Tbe whole of the new work throughout 
must be built in cement; for cement possesses the quality, 
invaluable in this case, of expanding as it sets, and consequently 
it causes the whole of the new work to rise slightly and press 
against the under side of the old work, ft 

4 (I have allowed this remark cd the authors to etand, && it expresses an 
opinion uhuj-tHl by not n> few eiqieiienced architects and builders. Foreland 
cement, when “ hoi^ expands in setting aa we know, hut when - c cold !< and 
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When this new pier, as we may call it, has been finished, 
and the cement has set hard, similar spaces may be cleared 
away and new work built and bonded into it on either Bide ; and 
so we can proceed until the whole of the old foundations have 
been removed and replaced by new work, which will carry the 
superstructure with perfect safety for all time to come. 

We have stated above that in all underpinning operations 
the new work throughout should be built in cement; this is 
certainly correct for all brickwork or masonry, but an exception 
may be made to this rule as far as concrete is concerned. All 
concretes, whether lime or cement, will expand when they set, 
The ordinary lime concrete used in and about London, composed 
of six parts of ballast to one part of greystone lime, will expand 
as much as three-eighths of an inch to every foot in height, and 
the size thus gained the concrete never loses. Consequently, if 
the underpinning is all under the ground, lime concrete, which 
is infinitely cheaper than brickwork or masonry in cement, 
may be the sole material employed; but, and this is important, 
some artificial means must be employed to force it up against 
the under side of the old work. 

A very successful example of underpinning in lime con¬ 
crete only, is thus described by Lieut.-Colonel Sir William 
Denison, E.E.,in Mr.Burnell’s work on “Limes, Clements, and 
Mortars”:— 

" One of the large storehouses in Chatham Dockyard having 
for some time exhibited serious defects in its walls, the attention 
of the Admiralty was directed to it in the year 1834, and 
Mr. Taylor, the Civil Engineer and Architect, was directed to 
report on the best mode of obviating the evil. 

“ Upon investigation, the foundation of the storehouse (a 

“ dead ” it shrinks. When sufficiently but not excessively air-slaked it neither 
expands nor shrinks, and it is in this condition that it is safest to use cement 
for work in underpinning. It requires very great judgment to use expansive 
cement, for the expansion may readily be greater than is desirable, and 
instances have been known of wails being raised some inches in this manner. 
Cement which is “ dead ” must obviously be carefully avoided.—F. E. F.) 
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building 540 feet in length and 50 feet in breadth) wag found 
to he in a very bad state ; the front wall, nearest the river, had 
originally been built upon piles, while the rear wall was laid 
upon an upper stratum of 5 or 6-inch planking, supported by 
two rows of transverse and longitudinal oak sleepers lying on 
the surface of the ground, which in this case was of a variable 
consistence, containing ftintg bedded in a sort of clay, quite 
pervious to the water* which at high tide rose some height upon 
the foundation. The sleepers and heads of the piles at the 
front of the building, thus exposed to alternate moisture and 
dryness, were in a state of rapid decay t in some places they 
were even reduced to a powder, and it was possible for a man 
to move under the walls in the space previously occupied by 
the timber. In the rear, the case was pretty much the same ; 
the sleepers wore universally in a state of decay, but in some 
places were much further advanced towards decomposition than 
in others 

fr The state of the storehouse requiring immediate attention, 
it was resolved to attempt to underpin the walls. This the 
patentee for the new description of concrete, or artificial stone, 
undertook to do, having adopted a plan proposed by Mr, Taylor, 
for forcing the soft concrete against the under part of the wall; 
and he proceeded to execute this contract in the following 
manner, 

“I must premise that the storehouse was vaulted underneath, 
and that the piers., or ctqbs walls, required as much underpinning 
as any other pari] of the building. 

Ji The walls were laid open to their bottom, both inside and 
outside the building; in the front, the heads of the piles and 
the sleepers were removed for a depth of about 4 feet below 
the bottom of the wall, and for lengths of about 5 feet at one 
time. In the rear, oil the planks and sleepers wore removed for 
the same distance, A maasof concrete, composed of one-eighth 
of Hailing lime (reduced to a powder by grinding, and in a 
perfectly caustic state) and seven-eighths of Thames ballaEt, 
mixed up with so much boiling water ns to reduce the whole to 
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a pasty consistence, was then thrown from a height of about 
15 feet underneath the wall; it was allowed to project about a 
foot on each side, where it was confined by plauka, and after 
being roughly levelled, it was well rammed, to give it as much 
consistence as possible, This mass was raised about 3 feet,, or 
to within 1 foots of the bottom of the wall; it was then carefully 
levelled, and covered with -^-inch slates. A kind of framework 
was then placed on the slates, consisting of two cross-plates of 
iron, placed perpendicularly to the direction of the wall, about 
1 foot wide, and long enough to project about 1 foot on each 
side of the wall. 

J£ To these were fixed two frames parallel to the wall, about 
i feet long, each carrying two sockets for screws. Within thege 
frames were placed two movable planks, long enough to pass 
just free between the eross-plates, and wide enough to fit nearly 
the space between the slates and the bottom of the wall, Upon 
these planks were sockets for the heads of the two screws, 
by which the planks were pushed forward or withdrawn at 
pleasure. 

u When the apparatus was fixed, and the movable planks 
ready on both sides of the wall, about two harrowfuls of con¬ 
crete, mixed as stated, were thrown in from above ; the work¬ 
men below then commenced turning the screws on each side 
simultaneously, moving the two planks towards the centre of 
the wall, and forcing the concrete before them into all the 
vacant spaces, and against the bottom of the wall. "When the 
plank was forced forward as far as it would go, by the strength 
of two men to each screw, the concrete -was allowed to rest for 
about five or ten minutes, by which time it had set hard enough 
to stand by itself, and its expansion in the act of getting com¬ 
pleted what the pressure of the screws might have left undone* 
The planks wore then withdrawn, another charge thrown in on 
each side, and compressed as before, and this was continued 
till the whole space between the frames was filled with concrete. 
The screws were then removed, the hoards and frames unbolted 
and taken out, and lastly, the side-p!ateg were withdrawn, 






PLATK, VX. 



Elevation 




































ON NHHDLE SHOEING AND UNDERPINNING. 


31 


leaving an interval of about £ of an inch between each mass of 
concrete f which apace was afterwards fillod in with grout. 

" The above description is given from notes taken at the 
tame. The proportion of lime to gravel is as 1 to 6 ; and such 
is the efficiency of the concrete in the mode in which it was 
applied, that no settlement has taken place since the work was 
completed.'' 

The majority of underpinning operations are carried out by 
some such methods as these that have now been described ; but 
this way of dealing with a ruinous structure may be considered 
rather in the light of a prevention, than a cure, for unless a 
building is thus treated at once when its foundations first show 
signs of giving way, the evil will gradually increase, and 
render it imperative not only that the foundations should be 
renewed, but also that a considerable portion of the wall above 
the ground should be taken down and rebuilt. 

If we look, for instance, at the wall of the house depicted on 
Plate VI. Pigs.l and % we shall see that it is ruined for several 
feet above the foundations. This might, perhaps, have been 
prevented if it had been underpinned at once, when the failure 
brst showed itself ; but no such steps having been taken, it has 
cracked badly in many places, bulged forward, and dragged the 
return walls out of the perpendicular. 

The reason why the foundations have eo signally failed in 
this case to carry the superstructure, is because the house has 
been made to encroach upon the site of an old pit or trench, 
shown by the dotted line in the section, Fig. % which has been 
filled up for many years, &o that its existence has perhaps never 
been suspected: and as the foundations do not go down to any 
great depth, it is ignite possible that it may not have been 
noticed when the wall was built, or the contractor may have 
chosen rather to risk a settlement thau go to the extra expense 
of excavating the made ground and building up from the virgin 
soil. 

It is now too late to underpin this wall in the ordinary way 
that we have just described, for the evil has spread so far that 
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it would still be unsafe, even though its foundations were 
renewed; but after it has been well shored up with raking 
shores, the method of needle shoring must be employed to 
support the upper portion (which, though it has been squeezed 
in a little towards the centre, is otherwise comparatively sound 
and homogeneous), and the whole of the lower portion of the 
wall for a distance of about 12 feet from the ground must be 
removed entirely. Accordingly four needles, which it is best to 
make whole timbers, i. e. about 13 inches by 13 inches, are 
inserted through holes cut in the wall well out of reach of the 
cracks, and above the point where the bulge is most pronounced, 
and these are supported by eight posts of the same scantling. 
In consequence of the peculiar nature of the case, the posts 
must be placed upon two continuous sole-pieces, laid on either 
side of the wall, and stretching well across the treacherous 
ground. On the exterior of the wall, the sole-piece must rest 
upon a carefully laid platform of stout planks, laid in such a 
way that the bearing of the two central posts may be spread 
over so much of the surface that it will be impossible for them 
to sink when the weight comes upon them. On the inside, the 
sole-piece may rest upon the concrete under the floor, if it is in 
a good condition ; but if not, it must rest upon a similar plat¬ 
form of timber to that on the outside of the building. Great 
care must be taken in arranging these platforms that there may 
be no possibility of their being disturbed when the ground is 
excavated for tho new foundations. 

It will be noticed in the section, Fig. 2, that the needles pass 
through tho wall just above one of the floors. This is the best 
and most usual position for the needles to occupy; for the brick¬ 
work at this point, and for some way above it, is perfectly 
sound, and has Dot been cut into for the insertion of plates and 
joists. This floor must, of course, be strutted up independently 
of the wall, and a hole cut through it and the ground floor to 
allow the posts which carry the needles to pass freely to the 
ground. If, however, this cutting through of the floore would 
be a very costly and troublesome business, platforms of timber 
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may be placed upon the floor and on the under aide of tlia 
ceiling, spreading the weight over ns many joists as possible, 
and the posts set up la different pieces. 

The needles having been wedged up tightly against the under 
side of the old work, the who?e of the brickwork below the 
needles must he taken down, the made ground under the wall 
dug out, and a good trench cut in the virgin soil to receive the 
bed of now concrete. The rest of the work may then be built 
up again in cement to meet the wall above, in the same way as 
has been described already. 

It should always he borne in roind, that even after this new 
work has been finished and the cement has set, it is still the 
needles and posts which do the real work of carrying the 
wall; and the greatest care must bo exercised in removing 
them, that the weight is transferred, gradually, and not- all 
at once, upon the new work. The needles should fimt be 
eased a little by knocking out the wedges at the foot of the 
posts a few inches, and. rhen, after a day or two has elapsed, 
the wedges may be withdrawn entirely and the needles taken 
out; but the raking shores should remain in position for 
about a week after the wall has settled down upon its new 
bearings. 

With regard to the responsibilities incurred in case of the 
failure of underpinning operations, Mr. Edwin Itfagh, in big 
paper on "Failures in Construction/'* makes the following 
remarks :—" When we see that accidents under this head may 
cause verdicts of manslaughter to be recorded against architects, 
ae was the case against Mr. Abraham, after the noted fall of a 
house in the Strand in 3.S53, we must be awakened to the 
necessity of f?o arranging the business part of such operations 
that the architect shall not be made responsible for details lie 
cannot control. It is often & sort of work that requires intelli¬ 
gent watching during every moment of its progress, and this is 
not the architect's business; and if this view he not recognised 
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by courts of law, it behoves us to define the responsibility in 
a written document between architect and builder before 
commencing the work/' 

It is not, however, in connection with ruinous structures that 
we must look for the most general use of needle shoring, for 
walls are, as a, rule, underpinned at once, without its aid, when 
the foundations fust show signs of giving way; but it is much 
more commonly employed in cases where some alteration is to 
he made in a building which is perfectly sound—snob, for 
instance, as the addition of a new basement, or the insertion of 
a shop-front. As an example of the former case,, the Gaiety 
Restaurant In the Strand may be cited. It was necessary, in 
order to obtain the space afterwards occupied by the magnificent 
Grill Room, that the walls should be taken down to a greater 
depth than was previously the case; accordingly needle shoring 
was, employed, and the whole building stood for many weeks as 
it were upon crutches, while the new foundations were being 
built. In consequence of the weight of the walls, and to 
obviate some difficulty in supporting the floors, the needles 
doubled, i. e, placed one above another in the manner 
shown in the sketch, Plate VI, Pig. 5, 

An example where needle shoring is required to support a 
wall during the insertion of a breastGummor and shop-front 13 
illustrated in Plate VI, Figs. 3 and 4. The needles in this case 
must be made longer than usuat to span the vaults under the 
pavement; consequently it will bo as well to strut them as 
shown in Iho section, Pig, 4, Raking shores need not bo used 
uuIgsg the wall is of a great height, or in & bad condition; but 
the window openings immediately above the needles, must in 
any case be well strutted, as shown in the elevation, pig, 3, or 
they will be squeezed in, and the frames, as well as the glass, 
will be broken. 

When the opening has been made in the wall, and substantial 
piers have been built at either end of it, the girder or breast- 
summer Eg fixed in position, and a plate fitted t<j its lower flange 
to take the joists of the first floor, A 3-inch York stone template 
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is then bedded on the top of the girder, and a course or two of 
brickwork built up in cement; to meet the under side of the old 
work. 

It will now be unnecessary to give any further illustrated 
examples of this simple method of needle shoring ; but before 
we go on to consider its use in eases of a more complicated 
character in the nest chapter, there are one or two further 
points to which it may be as well to draw the reader's 
attention. 

If it should be required, for instance, to clear away the lower 
portion of a party-wall, so as to throw the premises on tho 
ground door into one large shop or office, before the needles, 
which will carry the wall during this operation, are inserted, 
the following points should he considered :— 

let If there are any chimney breasts in tine wall, they should, 
be well supported; two or even titree needles, if the width of 
the breast is considerable, should be inserted under them, with 
05 good a- bearing as passible, 

2nd, If there are any piers or corbels in the wall, a needle 
should be inserted under each, 

3rd. If the upper floors are double, or framed floors, the 
needles should be inserted in the same perpendicular plane 
with the binding joists or girders. 

4th. Care should be taken in arranging the position of the 
posts which are to carry the needles, that they shall not inter¬ 
fere with the proper adjustment of the girders and stanchions 
which are eventually to carry the wall. 

The needles must he inserted above the first floor for the 
reasons mentioned above, and also to allow of the girders 
being fixed on a level with this floor. In the case of a ware¬ 
house, if the structure is in a- had condition, it will be as 
well to remove all goods which are stored upon the floors 
above the needles, or at all events to shift them, so that their 
weight is carried by the story posts or by another wall. But 
if this could not be done except at great inconvenience to 
the proprietors* the floors must be strutted up from the 

D 2 
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ground, and so made altogether independent of the support of 
the party-walk 

In the example we have given above of the underpinning of 
the storehouses at Chatham, it was not deemed necessary to 
move the goods jig all during the operations, though they were 
very heavy, comprising all sorts of ships' tackling, suoh as 
cables, "blocks, ropes, spars, &c.; but it will be recollected that 
in that cc-se the walls were not needled, and only underpinned 
in short lengths at a time. However, all such considera¬ 
tions as these depend upon ao many- things, that they can 
only be left to the judgment of the architect in each particular 
ease. 

At the commenced ants of this chapter it was laid clown as a 
general rule that whole timbers should be used in cases of 
needle shoring, and for this reason, that although the scantling 
of whole timber may be found by the usual formula, to be larger 
than that required to carry the weight with safety, yet it should 
be borne in mind that all beams of timber will deflect a little 
when a weight comes upon them, and it is important in the case 
of a needle that this deflection, should be reduced to a minimum. 
Again, there is always the possibility oE there being some 
unforeseen defect in the timber, and the greatest care should 
be taken, even when a needle is mode of whole timber, that it is 
perfectly sound, throughout; the same may also be said of the 
posts which carry the neodies. If, however, economy or space 
should require that smaller timbers should he used, wo must 
employ the following formulae, from “ Tredgoldh Carpentry,” 
for the scantling of beams supported at both ends and loaded 
in the centre, and posts compressed in the direction of their 
axis 

To find the scantling lor a rectangular piece of timber that 
will sustain a given weight in the centre, when supported at 
the ends in a horizontal position, 

"When the breadth is known or settled. 


b=7(^); 
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When the depth ig known or settled, 

Id x W x a 

B “"—IF— ; 

where L =■ length of bearing in feet; 

W=weight to he carried in pounds; 
a = «G1 for fir, and j 0I3 for oak; 

B = breadth in. inches ; and 
D m. depth in inches ; 


To find the scantling of a rectangular post capable of 
sustaining a given pressure in the direction of its length : 


B 



a x “W x a\ 

—E )’ 


where L = length m feet; 

W ^ the weight to be sustained in pounds l 
n = 0 - O0I3S for fir, and 0‘0015 for oak ; 

B ^ breadth in inches ; and 
D = thickness required in inches, 


Part IX. of the London Building Act, 1S94 (51 i& o3 Viet, 
c. 213 ) y relating to Dangerous and Neglected Structures, 

Dangerous Structures. 

Sect. Oil. In this part of this Act the expression “structure 11 ' 
includes any building,, wall* or other structure, and anything 
affixed to or projecting from any building, wall, or other 
structure. 

Sect, CIII.—(1) Where it is made known to the Council 
that any structure is in a dangerous state the Council ahull 
require a survey of such structure to bo made by the district 
surveyor or by some other competent surveyor. 

(2) For the purposes of this part of this Act the expression 
11 district surveyor " shall be deemed to include any surveyor so 
appointed, 

(5) The district surveyor shall make known to tbs Council 
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any information which he may receive with respect to any 
structure being in a dangerous state. 

(4) It shall be lawful ior the district surveyor to enter into 
any structure or upon any land upon which any structure ig 
situate for the purpose of making a survey of such structure. 

Beet. CIV. In cases where any such structure is situate 
within the city this part of this Act relating to dangerous 
structures shall he read as if the Commissioners of Sewers 
were named therein instead of the Council, and all costs and 
expenses of and all payments hereby directed to be made by or 
to auch Commissioners shall be made by or to the Chamberlain 
of the City out of or to the consolidated rate made by such 
Commissioners in the same manner as payments are made by 
or to such Chamberlain in the ordinary course of bis business. 

Sect. GY. Upon the completion of his survey the district 
surveyor employed shall certify to the Council his opinion as to 
the state of the structure. 

Sect. GYL If the certificate is ta the effect that the structure 
is not in a dangerous state no further proceedings shall be had 
in respect thereof but if it is to the effect that the same is in a 
dangerous state the Council may cause the same to be shored 
up or otherwise secured, and a proper hcitrd or fence to he put 
up for the protection of passengers, and shall cause notice to be 
served on the owner or occupier of the structure requiring him 
forthwith to take down, secure,, or repair the same as the ease 
requires. 

Sect. UVlL—(1) If the owner or occupier on whom the 
notice is served fail to comply as speedily as the nature of the 
case permits with the notice, a petty sessional court on com¬ 
plaint by the Council may order the owner to take down, repair, 
or otherwise secure to the satisfaction of the district surveyor 
the structure or such part thereof as appears to the court to be 
in a dangerous state within a time to be fined by the order, and 
if the same be not taken down, repaired, or otherwise secured 
within the time so limited, the Council may with all convenient 
speed cause aU f or so much or the structure as is in a dangerous 
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condition (so be taken, down, repaired, or other wise secured in 
such manner as may be requisite. Provided that- if the owner 
of the structure dispute the necessity of any of the requisitions 
comprised, in the notice, he may by notice in -writing to the 
Council within seven days from the service of the notice upon 
himself, require that the subject shall be referred to arbitration, 

(3) In case the owner require arbitration, he may at the 
time of giving such notice appoint an independent surveyor to 
report on the condition of the structure in conjunction with the 
district surveyor within seven days of the receipt by the Council 
of the notice of appointment of the owner's surveyor, and all 
questions of fact or matters in dispute which cannot he agreed 
between the owner’s surveyor and the district surveyor shall 
be referred for final decision to a third surveyor, who shall 
{before the owner’s surveyor and the district surveyor enter 
upon the discussion of the question in dispute) have been 
appointed to act as arbitrator by such two surveyors, or in the 
event of their disagreeing by a petty sessional court on the 
application of either of them, Such arbitrator shall make his 
award within fourteen days. 

(3) The notice served by the Council shall be discharged, 
amended, or confirmed, in accordance with the decision of the 
two Surveyors or the arbitrator as the case may he. 

(4) Unless the arbitrator otherwise direct the costs of and 
incident to the determination by the two surveyors or the 
arbitrator of the question in dispute shall be borne and paid in 
the event of such determination being adverse to the contention 
of the district surveyor by the Council, or in the event of such 
determination being adverse to the contention of the owner's 
surveyor by the owner. 

Sect. OYJ.il. Notwithstanding any such notice requiring 
arbitration as aforesaid a petty sessional court, on complaint by 
the Council, may, if of opinion that the structure is in such a 
dangerous condition as to require immediate treatment, make 
any order which such court may think fit with respect- to the 
taking down, repairing, or otherwise securing the structure* 
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Sect. CIX.—(1) All expenses inenirad by tbe Council in 
relation to tbe obtaining of any order as to a dangerous struc¬ 
ture, and carrying the same into effect under this part of this 
Act, shaft he paid by the owner of the structure, but without 
prejudice to his right to recover the same from any person 
liable to the expenses of repairs. 

(3) If the owner cannot he found, or if on demand he refuse 
or neglect to pay the said expenses, the Council after serving 
on him three months* notice of their intention to do so may, 
if in their discretion they think fit, sell the structure, but they 
shall, after deducting from the proceeda of the sale the amount 
of all expenses incurred by them, pay the surplus (if any) to the 
owner on demand, 

Sect. OX. Where under this part of this Act any dangerous 
structure is sold for payment of the expenses incurred in 
respect thereof by the Conned, the purchaser, his agents and 
servants may enter Upon the laud whereon the structure ig 
standing for the purpose of taking down the same and of 
removing the materials of which it is constructed. 

Sect. GXL W T here the proceeds of the sale of any such 
structure are insufficient to repay to the Council the amount of 
the expenses incurred by thetn in respect of such structure, no 
part of the land -whereon the structure stands or stood shall be 
built upon until after the balance due to the Council in respect 
of the structure has been paid* 

Sect. CXH r If the materials arc not sold by the Council, or 
if the proceeds of the sale are insufficient to defray the said 
expenses, the Council may recover the expenses or the balance 
thereof from the owner of the building, together with all costs 
in respect thereof in a Kummary manner. 

Sent GXm.—(1) There shall be paid to the district surveyor 
in respect of his services under this part of tbig Act in relation 
to any dangerous structures the fees specified in Part II. of the 
Third Schedule to this Act, 

(2) Provided that if any special service is required to be 
performed by the district surveyor under this part of this Act 
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for which no fee ia specified in the said schedule, the Council 
may order such fee to be paid for that service a? they think fit. 

(3) All fees paid to any surveyor by virtue of this section 
shall be deemed to bo expenses incurred by the Council in the 
matter of the dangerous structure in respect of which Buck 
feea are paid, and shall be recoverable by them from the owner 
accordingly. 

Sect, GXIY, Where a structure has been certified by a 
district surveyor tg bo dangerous to its inmates, a petty ses¬ 
sional court may, if satisfied of the correctness of the certificate, 
upon the application of the Council, by order direct that any 
inmates of such structure be removed therefrom by a constable 
or other peace officer, and if they have no other abode he may 
require that they be received into the workhouse, for the place 
in which the structure is situate. 

Neglected Structures. 

Beet, CXV.—(1) Where a structure is ruinous or so far 
dilapidated as thereby to have become and to be unfit for use 
or occupation, or is from neglect or otherwise in a structural 
condition prejudicial to the property in or the inhabitants of 
the neighbourhood, a petty sessional court on complaint by the 
Council may order the owner to take down or repair or rebuild 
such structure (in this Act referred to as a neglected structure) 
or any part thereof, ot to fence in the ground upon which i b 
stands or any part thereof, or otherwise to put the same or my 
part thereof info a state of repair and good condition to the 
satisfaction of the Coundt within a reasonable time to ho fixed 
by the order, and may also make an order for the costs incurred 
up to the time of the hearing. 

(2) If the order is not obeyed the Council may, with oil 
convenient speed, enter upon the neglected structure of such 
gToirnd as aforesaid and execute the order, 

(3) "Where the order directs the taking down of a neglected 
structure or any part thereof, the Council in executing the order 
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may remove the materials to a. convenient place, and (unless 
the expenses -of the Council under this section in relation to 
such structure are paid to them within fourteen days after guch 
removal) sell the same if and as they* in their discretion, think 
fit. 

(4) All expenses incurred by the Council under this section in 
relation to a neglected structure may be deducted by the Council 
out of the proceeds of the sale, and the surplus (if any) shall be 
paid by the Council on demand to the owner of the structure, 
and if such neglected structure Dr some part thereof is not taken 
down and such materials are not sold by the Council, or if the 
proceeds of the sale are insufficient to defray the said expenses 
the Council may recover such expenses or such insufficiency 
from the owner of the structure together with all costs in respect 
thereof in a summary manner, but svithout prejudice to his 
right to recover the same from any lessee or other person liable 
to the expenses of repairs. 

Supplemental as ft? Dangerous and Neglected Structures, 

8 ech CXVL—(1) Where the Council have incurred any 
expenses in respect of any dangerous or neglected structure, 
and have not been paid or have not recovered the same, a petty 
sessional court on complaint by the Council may make an order 
fixing the amount qf such, expenses and the costs of the 
proceedings before such petty sessional court, and directing 
that no part of the land upon which such dangerous or neglected 
structure stands, or stood, shall be buslt upon, or that no part 
of such dangerous or neglected structure, if repaired or rebuilt, 
shall be let for occupation until after payment to the Council of 
the said amount, and thereupon and until payment to the 
Council of the said amount no part of such land. shall be built 
upon, and no paid of such, dangerous or neglected structure so 
repaired or rebuilt shall he let for occupation. 

(3) Every such order shall be made iu duplicate, and one 
copy of such order shall he retained by the proper officer of the 
court and the other copy shall be kept at- the county hall. 
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(3) The Council shell keep at the county hall a, register of all 
orderg made under this section, and shall keep the same open 
for inspection by all persons at all reasonable times h and any 
sueh order not entered in such, register within ten days after 
the malsing thereof shall cease to be of any force. No property 
shall be affected by any such order unless and until such order 
is entered in such regiater. 

Sect. GXYIL—The fees specified in Fart IV, of the Third 
Schedule to this Act as payable to the Council h shall be payable 
to and may be recovered in a summary way by the Council. 
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Chapter VI. 


OK THE SHOEING AND UNDEBPINNING OP 
MEDmVAL BUILDINGS. 

Tnn practice of the art of shoring and underpinning does not 
always confine itself to the meaner buildings in a crowded 
town, but the sphere of its greatest usefulness and fallest 
development is to be found in the restoration of our venerable 
churches and cathedrals, many of which, but for its timely aid, 
would long before this have fallen victims to the ravages of 
decay. Every architect who loves his art must be glad to be 
the means of saving from destruction even one stone of those 
wonderful and beautiful works executed by the masons of the 
Middle Ages: and there have been many instances in which 
the ponderous towers and steeples of cathedrals have been saved 
from impending ruin by an opportune application of this useful 
science. Such were the works of Bondelet at the Church of St. 
Genevieve at Lark, of Fladbat at the cathedral at Bnyeux, and 
in our own country, of C-ottingham at Hereford; and had it not 
been for the interference of the elements, the underpinning at 
Chichester would no doubt have been successfully carried out, 
and the original tower and spire of the cathedral might still 
have been, standing. 

The gigantic shores and centres used in cases such as these 
require, however, a fuller description than can be given in this 
treatise; and the reader is referred for an example to the 
excellent description and drawings of the shoring of the central 
tower and lantern of the cathedral at Bayeux by MM. Dion 
and Lasvignes. But instances of shoring on so vast a scale 
are rare, and mom the work of engineers than architects ; and 
it will be better to describe here a more humble example, 
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and one which ig more likely to be of service to us in ordinary 
practice. 

At a meeting of the Eoyal Institute of British Architects, 
held on Monday. 3rd February* 1873* an excellent paper was 
read by Mr. J. P. Beddon, f.r.t.b.a., on the shoring, Ac., of the 
tower and spire of the parish church of Gr os moot in 
Monmouthshire. We cannot do better than quote here Mr, 
Seddou's own remarks upon that building, describing the state 
of decay in which he found it, and the subsequent measures 
which were employed in its restoration. The diagrams on 
Plates YII, and VIII, are copied from the drawings made by 
Mr, William Ed. Martin, to illustrate Mr, Sedden’a paper, and 
which afterwards appeared in the Btiildinn News of February 
7tb T 1873, 

<L The parish church of Grosmont, dedicated to St. Nicholas, 
in the diocese of LlandaU. is situated in Monmouthshire, near 
to where the border of that county joins those of Herefordshire 
and Breconshire—a very beautiful and retired part of the 
country, 

Hf The structure is one which by its historical interest and 
architectural value justifies the pride taken in it by the 
inhabitants of the surrounding district; but it has even wider 
claims for consideration, and particularly in connection with 
this metropolis, distant though it may seem to be. 

" It owes, if not its origin, at least its enlargement and 
embellishment-, to the same munificent patronage which directed 
those on a grander scale at the Abbey of Westminster; and 
though Grosmont Church is, as befits its position, a compara¬ 
tively humble structure in point of style, it may claim some 
resemblance to its nobler contemporary. Had the same caution 
been exercised in its case as in that of the Abbey, and had only 
a modest lantern surmounted its crux, I should not have the 
following chronicle of disaster to bring before yon. But the 
substructure was in all probability never intended to support 
the ambitious though elegant central octagon tower and spire 
which at a later period were piled upon it, exemplifying a 
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temerity of which medb&Y&l architects were often guilty, and 
which brought min in the case of Chichester and serious danger 
in that of Salisbury, 

u The church, the plan of which ig a Latin cross, consists of 
a nave 67 feet by 19 feet 6 inches, and aisles 9 feet 6 inches 
wide, separated by arcades of five beys (with responds deeper 
then ordinary, obviously to give more abutment to the crus 
arches); central tower and spire; transepts with aisles on the 
western sides of the same width as those to nave; chancel and 
chapel couth of same. There is also a porch on the north aide 
opposite the central bay of the main aroadeg, The emx arches 
and transept are the earliest portion, being in the style of the 
Transition between Norman and Lancet, The chancel is fully 
developed Lancet, 

u It is now many years since I was first called in to examine 
this church, and then it was in a condition which cannot be 
desarlbed as other than tottering from old age. In this port of 
the country it must always have been a difficulty to obtain 
proper building sand, and the loamy sand at hand would soon 
destroy tho value of any amount of lime mixed with it. From 
this cause the mortaj of the wailing throughout had become 
little better than earth, and the whole of the external walls 
exposed to the weather were grievously dilapidated, 

" Under the great weight of the tower and spire which were 
added, the earlier crux, piers, and arches have, been crushed and 
twisted out of shape, and this pressure has been transmitted in 
the directions of north, south, and west, by tho several arches,, 
which li&d themselves become distorted so as actually to thrust 
outw&rds the end walls of nave and transepts. The more solid 
walls of the eastern side of trnugcptg and oi the chance] bad 
yielded less, yet still in some degree, 

“The whole eastern limb, via, chancel and Eleanor Chapel, 
by far the richest architecturally, was in the worse condition, 
and imperatively needed rebuilding. Under the sircinn stances 
described, however, it seemed a perilous operation to undgr&keT 
as even the temporary removal oi such support as they gave the 
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central tower might accelerate the min of the rest of the fabric. 
Funds adequate for this work only having with difficulty been 
collected, this was effected with great care. The chancel and 
Eleanor Chapel were in !Sfi9-7Q almost entirely taken down 
and rebuilt under my directions. 

H< Careful examination was made, before and after the execu¬ 
tion of this work, of the state o£ the crux, piers, and arches, and 
marks set to show whether these yielded at all by reason ol 
settlement in the new masonry,. This, which wag mostly to bo 
feared at the north-east angle pier, docs not seem to have token 
place to any great extent. But still I received reports from 
time to time that the original mischief w r os proceeding, and I 
caused a close examination to be made, from which it appeared 
that the cracks were surely though slowly extending, particularly 
in the north-west pier. In consequence of this, I reported that 
it was, in suy opinion, essentially necessary that the tower ami 
spire should be so shored up and supported by centres as to be 
independent- of the piers, which then, aa funds were procured, 
oolaid be mode good; after which the restoration of the arches 
and superstructure could at any time be taken in hand. 

“I estimated the cost of this preliminary work of supporting 
the failing arches at about 40Q2., and received instructions from 
the vicar, the Eev. W. H, Twyning, to direct it to be done at 
once. 

* f The failure of the substructure of the tower is primarily 
traceable to two causes. First, errors in design ; and, secondly, 
errors in construction. Tbe design is in fault from the weight 
of the tower being carried upon insufficiently abutted arches; 
and the construction, from the imperfect execution of the 
dressed stone-work and the masonry of the walling. 

if Erom the first cause (imperfect design) lour distinct c&isaes 
of failure are to be traced:—(1) Spreading of arches at their 
springing ; (2) flattening of the arch curvea, thus neutralising 
the keying, and Tendering the arch in secure by the liability of 
vousaoire to fsd] out , r (3) thrusting of the vertical supporting 
piers under the tower arches out of the perpendicular; and 
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(4) transmission of ihe thrusting force to all adjoining piers, 
arches, and walls, throwing them out of the normal stable 
condition—verti cahty. 

“ Erom tiie second cause (imperfect construction) three classes 
of failure may be traced ;■—(I) The crushing of the wrought 
stone facings which form the casing of the piera; (3) the 
bursting asunder or drawing of the bonders of the various 
members of which the piers are composed; and (S) rente or 
fissures of the walling generally, 

“The most prolific causes of failure in building are generally 
two, vis, unequally yielding of foundation trenches, and urn 
compensated thrusts, whether from roofs or arches. The ease 
now under consideration is a signal example of failure from 
the latter cause—an equally %nyielding foundation having 
contributed in some degree to intensify this failure, 

“"Writers of books on building generally assume it as a fact 
not to be questioned that a solid rook foundation, roughly 
levelled or stepped where necessary, is the foundation most to 
bo desired ; but an attentive consideration of the present case 
would lead to the belief that such a foundation, if not absolutely 
dangerous as a base for a building erected in the ordinary way, 
is at least very undesirable unless extraordinary precautions are 
used in the selection of the materials for the walls, in the bond¬ 
ing, and in the elimination of ail unequal settlement from a 
greater number of mortar joints in any one portion of the 
walling than in another on the same level In this ease the 
funetiona of the tower piers were to transmit the weight of 
the tower to the foundations; the latter being rock and incom¬ 
pressible, the piers became crushed between two unyielding 
forces, which w-ould not have been the case had the foundation 
been of a partially yielding nature, such as a stiff clay or 
gravel. 

tJ Taking the various classes of failure enumerated in detail: 
(1) The spreading of the lower arches at the springing. The 
four arches carrying the tower spread as follows:—North arch, 
*584feet (7inches); east arch, '375 feet (4^-inches); south such. 



Olf THE SHOftfiTO OF MfiDLiiVAE .BtftLtHItGB, 4<9 

■75 feet (9 inches); -west arch, -&H5 feet (7f inches). This 
spreading has not taken place equally at both sides of the 
original central line of each arch; the abutments to some of 
the arches, being more solid, and stable than others, remain 
almost in their original positions, whilst the spreading 3*as 
taken place On that side of the centre line towards the weakest 
abutment. 

"Spreading of the arches leads naturally to the second class 
of failure, viz. flattening of the arch curves, This flattening 
has not taken place regularly; the arches preserve in some parts 
their original curves, whilst in other places the curves have 
been forced into straight lines* The general outlines now 
assumed by the soffits of the arches are irregular lines not 
amenable to any known mathematical curve, 

“ Spreading of the arches also involves the third class of 
failure, viz. thrusting the piers supporting them out of the 
perpendicular. It is evident that the piers could not have 
remained upright when the arches spread, except on the sup¬ 
position that the springers of the arches slipped back on the 
abaci of the caps ; but this would have been impossible, for the 
vast weight of the superstructure augmented the friction between 
the two stone surfaces to such an extent as to make the last 
stone of the cap and first stone of the arch practically one 
atone. Hence the numl>er of inches by which the faces of two 
opposite piers are out of plumb becomes a correct measure of 
the spread of the superincumbent arch. 

“ The fourth class of failure noticed is the transmission of the 
thrusts of the tower arches to the extremities of the building 
in all directions. It will be welt to remember that those forces 
commenced and continued to act whilst the walling generally 
was gre&n and the mortar in a soft condition, thus facilitating 
to some extent the accommodation of the surrounding abutments 
to the thrusting forces, without involving any sudden violent or 
dangerous fractures; while the gradual subsequent piling on 
weight when the tower and spire were added, continued to 
increase the distortion. 
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” The forces generated by the thrusting of the north and 
south tower arches arc in the directions oi the nave arcades to 
the westward and the chancel hank walls tq the eastward; 
the latter, being comparatively solid walls—on account of the 
narrowness of the lancet window openings—have sustained the 
thrusts in a fairly efficient manner; hut on account of the large 
openings and small piers in the nave arcades they formed but 
an indifferent abutment; hence every pier and arch is thrust 
westward* the west gable itself being thrust out of the per¬ 
pendicular, overhanging its base inches. The east and west 
tower arches, acting through the transept flank walls which 
are their abutments, have thrust out of the perpendicular the 
north and south transept and walls- -the former inches, and 
the latter 8|- inches. 

u An inspection of the ground plan of the building will 
show the north-west and south-west piers to be those most 
deficient in abutment, and in reality it found that these two 
piers arc those that huve suffered most, and arc in the most 
dangerous condition. The south-west pier had to be cased 
some forty years since with carefully coursed wrought masonry, 
increasing the area of the pier by about 10 feet superficial; and 
the present extremely dangerous condition ot the north-west 
pier compels its reconstruction before any other portion of the 
braiding. 

“ The first class of failure arising from the second cause is 
the crashing of the dressed stonework in the pier facings. 
This has taken place from the undue concentration of the 
weight on this facing; the backing being composed of rubble 
walling, with a greater number of mortar joints than in the 
facing, has settled down, leaving the casing to do the work of 
carrying the tower, and thus reducing the working area of each 
pier from IS feet to S J 34 feet, 

"The second class of failure under this head is the drawing 
of the bond stones or bursting asunder of the piers. This 
is a very unusual mode of failure; and is due in this case to 
imperfect footings under some members composing the piers. 
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The footings were crQ&hed or squeezed away from this par¬ 
ticular part of the foundations ; hence the bursting or drawing 
of the lion dors or headers in the quoins immediately over this 
defective work. 

'*The last class of failure to be noted is that most commonly 
found in nearly every building, ancient or modern, viz. splitting 
of the walling in a direction at right angles or inclined to the 
beds, commonly called settlements* 

'■ Settlements result from the non-elastic nature of the 
materials composing a wall; no one part of the walling being 
free to sink, or settle down, or change its position, vertically or 
horizontally, without fracturing or splitting the stones, bricks, 
or mortar joints in a greater or less degree ; always in propor¬ 
tion to the depth of settlement* From the description already 
given of the movements of the arches and piers* with their 
abutments, it will be no mutter of surprise to find the masonry 
of the walls generally, in contact with the tower, fractured, 
and thrust and crashed in every direction, horizontally as well 
as vertically. The entire subject affords an interesting and 
instructive example of the effect produced by a weight of 
600 tons acting upon four pointed arches for a space of 500- 
years, and serves to demonstrate conclusively the necessity of 
neutralising thrusts effectively, whether such thrusts be created 
by the exigencies of style or design* 

" The state of the tower, piers, and arches, was, as may be 
imagined, the subject of much talk in the village of Grosmont* 
The oldest inhabitant recollected the structure to have been in 
exactly the same state ever since he first saw it, and by soma 
extraordinarily subtle process of reason deduced this valuable 
conclusion, viz, that as the tower had never fallen in his 
time, it was never going to fall. Almost every village in this 
part of the world eon tains at least half-Ordoxen of such old 
inhabitants, whose inexorable logical deductions are supposed 
to silence most effectually the objections of any unfortunate 
professional man who happens to disagree with them, 

" It having been decided in. the autumn of the year 1869 to 
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restore the chancel of Grosmout Church, the opportunity of 
seeking to determine if the failure of the tosver substructure 
wins at all progressive was seized. With this object all the 
fissures in the stonework were filled with cement, and the 
extent of the fissures lineally determined by drawing lines 
across the end of them in transverse directions. The structure 
thus prepared was left, after the chancel had been rebuilt, up 
to the end of November, 1872 (about tsvo years), when a careful 
inspection of the parts so prepaired revealed the following 
startling facts' first, that all the fissures which, had been 
sealed up with cement were open again ; and, secondly, that 
the transverse terminal lines of the fissures of 1870 were left 
2 inches or 3 inches, in some cases as much as & inches, behind 
by the extension of the fissures up to 1872. This discovery 
compelled immediate attention to the dangerous condition of 
the tower, and notwithstanding the renewed protests of the 
oldest inhabitants, I did not hesitate to recommend the taking 
of immediate steps to restore the four disabled tower piers and 
arches, and in the event of the necessary funds net being 
available to effect this restoration, at least to shore up three of 
the arches, thus relieving the piers, and to needfe the fourth 
arch, leaving a clear space under it for its restoration should 
the funds obtainable be sufficient to cover the expense. 

" An idea suggested itself that the piers and arches might be 
restored by taking out a damaged stone here and there, and 
replacing the stones so removed with ocher sound stones, thus 
effecting the restoration with comparative safety and by slow 
degrees; but on consideration this plan was abandoned, because 
some parts of the piers should of necessity be entirely recased 
or rebuilt, of course vertically. This would have the effect 
of reducing the width between the piers to something about 
9 inches less than the width of the arch at the springing, 
which would he a reversal of the proper way of treating the 
arches, via, by having them, as originally constructed, 2 inches 
narrower at the springing than the space between the piers 
supporting them. It was therefore decided that the piers and 
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arches should be entirely removed and rebuilt, using in all 
the old -stone not damaged, and that this should bo first tried 
upon the arch and piers on tbs north side, the arch proposed 
to be needled, this being In the moat unsafe condition of the 
four. 

" As in constructing an effective system of supports to the 
tower arches, a safe unyielding bottom was a primary con¬ 
sideration, it was determined in this case to clear away the 
entire apace immediately under the tower, tower arches, and 
for a space of 3 feet all round outside or beyond the tower 
piers, right down to the solid rock, and to refill the space so 
cleared with carefully made cement concrete well rammed. 
The site to be thus operated upon was encumbered with old 
seats, fittings, and wood floors, all of which having boon cleared 
away, the excavation commenced, planked runs having been kid 
down through the church and across the churchyard to pita or 
graves dug to receive the human remains disinterred; the soil 
itself being spread over the surface of the churchyard at some 
distance from the building, 

4< On removing the soil immediately under the floors it was 
found that the bodies had been at some time interred with not 
more than four inches of soil over the coffins, which accounted 
for a hitherto i unaccountable smell ' that had frequently 
sickened some members of the congregation during their attend¬ 
ance at Divine Service. 

44 Lower down, at about two feet under the floor level, five 
distinct- springs made their appearance, evidently the drainage 
from the hill at the north side of the building. These springs 
flooded the apace already excavated, preventing further pro-' 
gross. A drain sis feet deep was cut through the south 
transept and discharged through the south transept wall into 
the churchy aid, which is lower at that side. This drain, kept 
the working from being submerged, and discharged during the 
heavy mins SO gallons of water per minute. 

“ The excavations were continued until solid rock was reached 
at an average depth of five feet from the floor level. The entire 
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soil removed was of fl very dark colour, light in weight and 
spongy in tenure, containing human remains in various stages 
ol decay ; in fact tho whole mass had apparently been used over 
and over again for burials, the most recent having been appar¬ 
ently thirty-one years ago. This appeared from the coffin 
breastplate, which with its gilded lettering, was as fresh as 
the day it was put in, although there, was no trace whatever of 
the coffin, which was stated io have been of oak by a party who 
recollected seeing it Lowered into the grave, 

ft Some graves svere hollowed out of the solid rock below the 
tower foundations, others with steined half brick sides, covered 
with stone slabs; the latter were found to be filled with a 
black fluid, emitting a stench so horrible as to be perceived 
even in tho most remote parts of the building. All human 
remains disturbed were reverently cared for and interred in the 
churchyard, The entire space dug out was now filled up with 
cement concrete well rammed; 135 tons of concrete having 
been consumed in this operation. A drain was laid on the 
rock bottom under tbe concrete to drain the springs which, 
continued to flow in from the north side of the building, A 
finer concrete was spread upon the surface between the piers 
under the tower arches, and upon this a bed of cement eighteen 
inches wide was floated off to a level to take the centerings. 

,r The shoringi? to each areh are constructed in two separate 
portions, tbe low er portion on £ tresael' and the upper portion 
on centro proper. This system has been adopted to facilitate 
f wedging up 1 or J striking' the centres when red where required. 
The exact outline of each arch was obtained by * scribing 1 the 
soffit of the inner member of tho arch to which the centre was 
to fit, on a skeleton template of ^rinch boarding, sufficiently 
wide to include the whole curve of the arch, which template 
was securely fixed against tbe sides of the arch during the 
scribing. This template was shaped by the hno so scribed, and 
the permanent framing worked to it; thus the centres when 
fixed fitted accurately all tbe irregularities of the arches. The 
limber used in the shoring generally is from 10 inches to 13 
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inches square, some having been selected 14 inches wide to 
allow of getting out the curbed backs without reducing the 
working section of the timber below 10 inches by 10 inches. 

“ AH the joints in the frames arc tenoned (see Elate Vll), the 
tenons being 2 inches thick in the centre of each piece, and from 
24- inches to 3 inches deep; the joints ore aU shown on the 
drawings precisely as they were executed, The framework was 
fitted together on the nave floor first, and having been num¬ 
bered at the joints was knocked to pieces to facilitate the removal 
and re-erection under the tower* Each tressol was afterwards 
built up in its proper place, and when the three tressels were 
Securely fixed in their respective archways, a temporary scaf¬ 
folding was erected on them to make a platform for the putting 
together and hoisting of the centres. The springing piece of 
each arch was laid down on its side in that arch, and the centre 
framed to it and secured together with g-inch wrought-ivon 
dags ; a iadkU was then rigged up to the bell beams with a fall 
to the floor, and each centra was thus hoisted to its proper 
position under the various arches, and securely wedged up to 
the soffit with oak wedges. 

“ In ordering the first lot of timber for this framing it was 
assumed thnt timber in the log, with one side only sawn, would 
answer every purpose required a3 well as timber sawn all 
round; but this proved to bo a mistake, as it was found to be 
an impossibility to square to the tenons, mortices, shoulders, 
and bearings, without having at leash three sides of every piece 
sawn die square. There being no saw-pits near the building, 
this timber was squared with adzes and planes where required, 
causing some loss of time; but the next consignment of timber 
having three sides sawn square, much facilitated the work of 
fitting together and makes much better work in every way* 

“ Three arches having been, shored up with centering, as 
described, the fourth arch was treated as follows : a bole about 
eighteen, inches square was knocked through the tower wall 
over the apex of the arch, and about two feet above it, to allow 
sufficient head room for the introduction of a hammered stone 
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cliRehEUL’gmg arch over tha wrought atone arch. Two more 
holes were knocked through the wall of the same giae r about 2 feet 
Jowor down on either side,* about haJfway between the centre 
of the aTch and the transept flank walls* Three holes were 
thus made to take needles at distances of about 4^ feet apart* 

u Needles 12 inches by 12 inches were inserted through these 
holes and supported by uprights inclining inwards at the top r 
and stiffened at the height of every 5 feet by means of straining 
pieces secured with dog irons* Tho walling over the needles was 
pinned up, and wedged in every ease with flab stones bedded in 
cement; and when the cement had set, a temporary centre waa 
bred under the arch, the key removed, and fill the arch stones 
safely taken down one by one; one-half tho piers on either Eide 
were aleo removed, and the entire space occupied hy the arch and 
piers cleorod away to allow of the erection of the new work* lf f 

* The arrangement in the Drawing on PL YIIL, whisk shows lintels, 
inserted over the needles, and the needles themselves all on the same level, 
is considered by Mr. Sodden to be better than that nctnally executed and 
here described. The fonmitig also is shown ns fitted to n restored arub, it 
having been fouled impractlciibb to delineate the actual distortion of the 
piers and arches, 

■f The following details of the weight thus carried, with the calculations 
as to the manner in which it was distributed: and the breaking weights of 
the several portions of the timber framings employed, are appended by Mr* 
Seddon at the end of his paper 

By actual experiment, ashlar in spire is found to weigh 1 ■ CS7 cwt* per 
cob* ft, 

„ i, rubble masonry in tower weighs l - 33 curt. per 

nub, ft 

There are in spire 2534 cob. ft, weight (atl - G27 cwt per cub. ft) = 3B69418 
cwt. = 10947 tons. 

There are In tower S'016 cub* ft., weight fat I L SS ewt. per eub. ft) — 
119flil L 26 owt,= 599 J o64 tona. 

There are six bells, framing and floor, weighing about 5 tons. 

TdUiJ weight at fljeh Spring! ngs — 7tHjS _ 034 fona P 

There ia no discharging arch over tower arches, Acfottl working SCCtlOEal 
area of each areb, 34a ft* super* Many atones fractured. 

^national area. of each pier, wrought facing, S'34 ft super. ; rubble core, 
ti'ijij ft. super, i total area, IS ft. super. 

Weight On each pier, ]9£b5 tuna ss: II r 03 tons to the it, super* On failure 
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The three remaining arches were afterwards similarly restored, 
and the tower and spire now stand upon a base which will 
remain immovable for all future time. 

The moat important lesson to he learnt from this example is 
the same as that taught us by the memorable fall of the tower 
and spire of Chichester in February, 1861, viz., that when a 
heavy load is to be placed upon piere and arches, it is madness 
to build the piera in rubble masonry with ashlar work only as 
a casing. The piers which are to carry such a load should be 
built- in ashlar or dressed stone-work throughout their entire 
thickness, as -was done by Mr. 8eott (afterwards Sir Gilbert) in 
the rebuilding of the piers at Chichester. If such a method is 
found to be impracticable on account of its coat, the core of 
rubble masonry must at all events be built in cement, so that 
there can. be no possibility of its settling down and leaving the 
weight to be carried by the easing only. 

The method of restoration adopted at Grosmont may bo 
briefly recapitulated as follows ;—All the four arches and piers 
being unsafe, it was determined to restore them, i, c, replace 
them in new work; there being only funds enough to admit of 
the restoration of one arch, it was decided to restore that arch 
which, with its piers, was found to bo in the most dangerous 
condition, consequently the wall above this arch (the north 
arch) was needled, and the other three arches were temporarily 
centred to prevent their falling before they could be attended 
to in their turn. The arch under the needles was then taken 


of the nibble coring. Hit ashlar facing doing duty for the whole pier carried 
23'95 tons, and was crushocL 

Actual total weight per ft. kj uane OH foundjitio-n, ! 1 r 71 tons. 

Bred ting weight of the three needlt-s, 215 tons; weight (if one aide of tower 
nt level ol needle,^ 170 ton& ■ estimated actuaS weight of the needling, "D to 
75 tons. (The corbelling to octagon, with arching over, thrown fro-m -ly to 50 
topa rm each quoin N/W, and These quoins rest on the partft of the 

piers allowed to stand.) The load on the needling being only temporary, a 
co-eflicientof safety of only 3 was adopted. 

Actual breaking weight of CrtfA waiped-ap cent re, lOnO tons; weight on each 
Itjy-.'h tons ; tafe working permanent load, 219 tons : eo-eJlioieut of aafety, ri. 
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down and half the piers on either side, to be replaced in new 
work set in cement. Now it must be remembered that although 
the north wall of the tower was carried on the needles and the 
east and west arches had centres under them which would only 
break under a load of 1,05G tons, yet the north-east and north¬ 
west quoins of the tower (which were estimated by Mr. Seddon 
to weigh 50 tons each) had nothing to carry them but the 
portions of the piers which were allowed to remain standing ; 
these must in this case have been strong enough to carry 
this weight; but the reader's attention is drawn to this point 
because, in many instances of similar restoration, the core of 
rubble work may he so decayed ns to he utterly incapable of 
bearing the quoins, even for so short a time as won id be neces¬ 
sary ; iu such a case the quoins themselves, and all the four 
walls round the tower, must be shored with needles and posts, 
00 as to take as much of the superincumbent weight off the 
piers as possible: it is a mistake to suppose that centering 
under the arches entirely relieves the piers of their load. 

The reader will have noticed in Mr. Seddon'& paper that the 
idea suggested itself of restoring the crushed piers and arches 
of the tower at G-rosmont by taking out a damaged stone hero 
and there, and replacing the atones so removed with other 
sound stones; this method, though found to be impracticable 
in this case because of the piers being so much out of the 
perpendicular, has still been carried out with complete success 
in many other cases. But when such a method is adopted, the 
greatest care must be taken that the piers to be recased are 
first almost entirely relieved of their load by shores and centres, 
and that only small portions are renewed at a time. 

These old Gothic buildings require the most gentle handling; 
for if they have once been damaged by fire or storm, or if at 
any previous time they have sunk down or become distorted, it 
takes very little to upset the state of equilibrium into which 
they have settled, though they may have remained in that 
state for hundreds of years. The fall of the tower at Chichester, 
though hastened by the storm of wind which raged during the 
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night before the catastrophe, was no doubt originally brought 
about by the disturbance caused to the equilibrium oE the piers 
by the removal of the organ screen which spanned, the nave at 
their £ee£- f and. also by the manner in which it was attempted 
to recuse the piers after their dangerous condition had been 
dig covered. So, whenever it is necessary to make any alteration 
or to underpin a building, every possible precaution must be 
taken that the equilibrium is not upset or the building shaken. 
In a speech delivered at the Institute of British Architects, and 
recorded in their “ Transactions ,f at the time of the Chichester 
disaster, Sir Gilbert Scott thus describes the work that was 
carried out under hie supervision at the Church of St. Maiy at 
Stafford, which is an example of the ateme-by-stone method of 
restoration 

“ The first operation," he says, * L was to bind the tower 
round (internally) with very strong Iron bars, with right and 
left screws, which were screwed up as tight as possibly. This 
was done at two different levels. We then dug round the 
base of the tower as low, at least, as the bottom of the founda¬ 
tions, removed the remains from ail surrounding graves (which 
hud, as is too often the case, done very great mischief, being 
much deeper than the foundations), and filled up the whole spate 
with a solid mass of concrete. Having shored the arches and 
the piers, so as to carry as much as possible of the superincum¬ 
bent weight, we began gradually to remove the loose stone¬ 
work and to put in new (or rather additional) foundations, 
spreading out upon the new concrete* This operation requires 
a system of movable shoring quite distinct from the more 
permanent shoring already mentioned. This secondary shoring 
is continually being moved upwards els the work proceeds, no 
part of the old work being taken out at- one rime beyond what 
is necessary to give room for the Insertion of the new portions 
actually in hand at the time. In each course, or at short inter¬ 
vals in the height, we inserted chain bars (which arc best of 
copper) in short lengths, but so constructed as eventually to 
form continuous ties fdl round the pier. In effecting these 
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operations, I was brought to tins conclusion that it is impossible 
to exaggerate the danger and the difficulty that exists in pro¬ 
viding shoring of sufficient strength 3 for in this, as in every 
work of tho kind in which I have been engaged, I found that 
all the shoring that I could by any possibility get in was only 
barely sufficient for the purpose* I have seen enormous timbers 
bend under the pressure to which they have been subjected, and 
I wish to offer my most decided opinion that :n most eases it is 
absolutely necessary, before a single stone is removed, to insert 
all the shorings which can be brought to bear within the space 
to be updated upon. I would also advise that in no case should 
the shores be half timbers, or timbers of an oblong section, but 
that they should be of square or round timbers, so as to have no 
tendency to bend in one direction more, than in another (in 
large works, indeed, the shores must be larger than single 
timbers). In one case (a minor work) which I had in hand. I had 
expressly provided for the use of whole timbers in the specifica¬ 
tions ; but the clerk of the works had permitted half-timbers to 
be used, and the consequence was that the shoring gave way 
very perceptibly, much to the detriment of the work. Another 
precaution I would recommend is the use of the hardest stones 
which can he procured, for if this be neglected, the new work 
is almost sure, when the shoring is removed, and the weight 
brought to bear upon it, to split; and it is needless to aay that 
cracks in such supplemented masonry aro far more dangerous 
than in a new structure, for by throwing the weight upon the 
old core (if any remains), or upon piers not yet repaired, or upon 
other old work, such partial failure of the new stonework may 
lead to the most serious consequences* Under no cir cum stances, 
therefore, should anything approaching a soft stone be made uae 
of, whatever may bg the materials of the old pier* The next 
thing I would urge is the avoiding of ordinary Urns mortar, and 
the use of cement. Besides setting the new work and pinning 
it in cement, it has been my practice to run the core behind 
with liquid cement, first pouring in water and then the cement 
grout, which, when thus used, I have found in some oases to 
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penetrate the interstices to a depth of nine to ten feet below 
the level at which it was poured in, as if it were so much quick' 
silver. While engaged upon these works on one occasion a lend 
report was heard by the workmen, like the report of a gun, and 
it was found that one of the pillars of the chancel (quite uncom 
nected with the tower) hod split almost from bottom to top, 
owing to some indirect pressure brought upon it by the opera¬ 
tions going on at the tower, which shows that the shoring 
should not be limited to the tower itself, but should in some 
degree be extended to adjoining parts. The shoring should 
have in all cases a special foundation provided for it. The floor 
of the church is wholly insufficient fen the purpose, and it would 
be a fatal error to trust to it,’ f 

The reparation of the tower of Hereford Cathedral by the 
late Mr. Gottingham* though on a much larger scale, was in all 
other respects nearly identical with Sir Gilbert Scott’s work itt 
Stafford, which hag just been described. In all these examples* 
a good foundation oE concrete for the shores was of paramount 
importance, M. Flachat, before be erected the mammoth shoring 
which held up the tower and lantern over the crossing at Bayeux 
Cathedral, sank around the feet of the four piers to a bard 
stratum no less than twenty wrought-iron tubes of 4 feet 
diameter internally, which he filled up with concrete; and upon 
these tubes, and between the foundations of the piers, be laid a 
bed of concrete 9 feet thick, the top of the tubes entering 3 feet 
into this concrete. The weight of the shores and the tower 
which they had to carry was of course very considerable, and 
fully justified the extreme caution taken with these foundations. 

A brief description of this work is thus given by Mr, Burnell 
in a paper published in the “ Transactions of the Boyal Institute 
of British Architects ,r :■—■* Upon the concrete bed" described 
above, “ M. Bloch at erected a double set of frames of whole 
timbers on either side of the centres originally placed to support 
the arch (before M* Flachat was called in), for the purpose 
of forming a seating for a set of needles carried upon a series of 
screw-jacks, and made to support the masonry of the square 
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part of the tower, a little above the vaulting o£ the nave and. 
transept. The tower was carefully hooped wich iron bars keyed 
up whilst they were still hot, so that their shrinkage actually 
closed the masonry which had previously been fissured over the 
openings; and before altering the centres to the form M, FI achat 
thought requisite, he also surrounded the springing!] of the 
arch&s of the nave with a strong w rough t-iron cradle, intended 
to resi fit the lateral thrust The ecu tees were tb cn strengthened 
and modified so as bo allow the easy underpinning of the piers; 
and the lateral arches of the naye, choir, and transepts, which 
had participated in the movements ol the piers of the tower,, 
were carefully shored up. Every precaution was taken to 
protect the original mouldings of the vaulting, and the sou Up¬ 
time of the capitals, columns, and bases, by enclosing them with 
rubble masonry, against which the shores were made to act 
directly,” {It should be mentioned that the four quoins of the 
tower were needled, by a system of needle shoring totally in¬ 
dependent of that already described, on each side of the centres 
of the great arches. The needles carrying the quoins were each 
made of three wrought-! ron. girders bolted together with four 
timber flitches, forming one exceedingly strong beam; four of 
these needles lying across each other, and forming a square on 
plan, were inserted just under the neckings of the caps, at the 
top of each of the four piers, and were carried by sixteen massive 
posts, each made of nine whole timbers strongly bolted together, 
in the same manner in which the masts of a ship axe constructed. 
These posts were each 16 metres high (52'S3 feet), and con¬ 
ducted the weight of the quoins straight down to the bed of 
concrete on the ground.) " It is to be observed that the needling 
was totally independent of the centres of the great arches, and 
was designed solely to support the weight of the tower and 
octagon above the line of the vaulting; the arches and the 
gpandrii fillings were all that bore directly upon the centres 
themselves." 

When ah this shoring was erected (and it completely filled 
up the crossing, being braced across and across the space), the 
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piers were entirely removed from, under the tower, and rebuilt 
from their foundations, and the arches were restored by the 
Btone-by-stone method. 

The cost of tills work was 32,220£. M. ViolIeMe-Duc, whoso 
opinion was consulted before it was decided how the tower 
should bo treated, gave it as his opinion that the simplest and 
cheapest plan was to pull it down altogether and rebuild it 
from its foundation, and he estimated the cost of tins at a sum 
considerably smaller than 32,2201. But even if M. ViolIet-le-Duo 
was right, there will always be a satisfaction, to archmologiste 
at least, that the original tower was preserved intact. On the 
top of the Gothic lantern there was an Italian Eenaissance 
dome, which was removed before tbe tower was underpinned. 

The success of this operation is, however, considerably marred 
when it is compared with the stone-by-atone underpinning of 
the tower of Hereford Cathedral by Mr. Cottingham, where, 
although the weight underpinned was double that at Bayous, 
the money expended was leas than one-fourth. Tbe weight of 
the spire at Chichester was also nearly double the "weight of 
the tower at Bayern, and as it would bava been necessary to 
employ the same method to restore it satisfactorily as was used 
at Bayeux, or* account of the rottenness of the piers* it is 
perhaps as well from an economical point of view that it fell 
down, especially as not a life was lost nor a limb broken. 

The cost of rebuilding it was in round numbers 50,000L, and 
had it been underpinned as the Bayeux tower, the operation 
would probably have cost much more than this. 

"We will now go on to consider the suppositional cases of 
underpinning depicted on Plates IX. and X+, which arc copied, 
from M. Yiollet-Ie-Buc's Dictionary under the word (< Etai.” 
The following is a synopsis of tbe treatment of these cases 
described in that work. 

Taking tbe first case on Hate lX. t the cylindrical column A, 
which carries vaulting ribs in all directions, and one or two 
stages of similar columns above, has become crushed under the 
load, as shown in the sketch, In order to enable the damaged 
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stones to be removed we must egnetu-tict a square frame of oak* 
as indicated in the sketch, B in perspective, and m W in plan, 
with sides tenoned into gaping mortices, into which wedges are 
driven at C, which with the bolts b insure the frames being 
fitted tightly against the face of the cylinder. This frame is 
fitted (as at G, in the sketch D) under tbc necking of the 
capital, and Is carried by eight atont posts G, inclined suffi¬ 
ciently to allow the new stones which replace the old at K H to 
pass in freely, Should there he any sound stones below the 
necking, four wroughfc-iron straps must be screwed, as shown in 
the sketch F, to tbc sides of the frame, and their feet L inserted 
in the joint, to catch the under side of the last- sound stone; the 
rest of the column can then be removed and replaced in new 
work. 

If the whole of this lower column is crushed, together with 
the springing stones of the vault, the vaulting riba must be 
centred, and the column above must be treated in the way we 
have just described for the lower column, the eight poets passing 
through the vaulting panela to the ground below. 

The second ease depicted on Flate X, is a neat application of 
the principle of needle shoring, A pier E, which carries two 
main arches A'', two diagonal arches B', and one transverse 
arch C r , as well as the weight of the upper vault, has become 
crushed under the load. In this case, where it will be necessary 
to use so- many timbers in so small a space, we must take care 
to arrange them so that they will not interfere with the building 
of the new work. r< To shore is nothing, but to shore in such a 
way that gne can build between tbc shores is often a difficult 
problem to solve, 3 ' The transverse and diagonal arches having 
been centred, the two main arches should be supported las 
shown at A in the elevation, and the springing stones of the 
arches from I to K, which have shared in the ruin of the pier, 
can then be taken out and notches cut to receive the needles 
at XjL. The needles, in order to occupy as small a apace as 
possible, are each made of four strong pieces of wrought iron, 
bound together with hoops as shown at M; they are made to 
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rest upon strong pieces o£ oak at O in the elevation and Q' on 
the plan, and Eire cEirried by the £our stoat posts and N\ It- 
’will also be necessary to support the wall above the needles 
with raking shores at II and IF, 

"When the old work has been removed and the new work 
finished, the posts and needles should he taken down first, then 
the centres under the arches, and last o£ all the raking shores 
at H and H'. 


K, 


F 


Chapve ft YIL 
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"We will suppose 0 B (Plate XI.) to represent the section of a 
wall that requires to be supported by the raking shore A B, 
resting on the ground at A; AC being the ground line. Let 
there be a horizontal force T near the top of the -wall at d, 
tending to overturn it about its bottom edge C; the moment af 
this force, which measures its tendency to overturn the wall, is— 

T x C d- 

This is resisted by the weight of the wad (W] acting vertically 
at its centre, and. having a moment about C q£ 

W x Ce r 

where G o is generally half the thickness (i) of the wall When 
thesE forces just balance, the wall will be about to fall over, and 
the two moments will be equal; therefore— 

T x Cd=W x Gs. 

Now, in order to restore the wall to its original condition 
before the force T acted upon it, we must find some means of 
completely balancing this force, and this can be done by placing 
the shore A "B against the wall at B, where it is firmly fixed 
against a plank or waiting by means of a needle driven 
through both the plank and the wall; then by wedging up the 
base A, a horizontal pressure (Q) is produced against the wall, 
such that the moment of Q about 0 balances that of T, or 


Q * BC= T * C d 
■ WxCe 


/. Q- 


W x t 

Hirer ■ 


.. (i.) 


* Copied Jew an arlScle in iht JlBiUUna Jc®. 
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Ik this formula, B C and t should be expressed in feet, W and 
Q in cwts. Ii the shore presses against B with a horizontal 
force Q, there roust also he n reaction of the wall against the 
shore equal and opposite to Q, so that Q represents a horizontal 
pressure against the head of the shore. 

In order that the rating shore may have its full effect in 
counteracting the outward thrust or reaction Q, it is essential 
that it should be prevented from eliding upwards by having a 
sufficient weight of wall above B, so that when the pressure Q 
comes upon it, the head of the needle may be kept immovable 
by means of the superincumbent load. If, therefore, the top 
of the shore is put very high up against the wall, it will bo of 
little service in preventing it from being overturned, Let P be 
the vertical pressure necessary to resist a horizontal thrust out¬ 
wards, equal to Q at B, and w the weight of the shore itself 
acting at its centre g. Then the sum, of the moments of P and, 
ic, about A, the base of the shore, must balance the moment of 
Q about that point; therefore, we have— 

A C 

QxAtf = (PxAC)4- ffl-g-' 

B q being a horizontal line meeting a vertical from A at q. This 
equation may be put into the form— 

Q sin. $ = (P + 

6 being the angle BAG which the shore mates with the 
horizontal; and from this we obtain— 

P - Q tan. 0 - ^-(II) 

So that when Q and u- are known, and also the angle of inclina¬ 
tion of the shore, we can find from this equation what vertical 
pressure (P) must be brought to bear on the head of the shore, 
in order to keep it in its place when the force Q tends to thrust 
it out. If the value of P is known beforehand, we can also find 


\) 
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what amount of horizontal force (Q) it will be able to counter¬ 
act; for 


Q = 


3P+tB 
2 tan. 0 


(m.) 


The horizontal and vertical forces at B being thus determined* 
we can find the compression (F) down the shore by resolving 
P and Q* in the direction of A B r and adding their resolved parts 
together; therefore, we have— 

Fs P sin. 0 ■+■ Q cos. 0 * ► , . (IY.) 

In order to find whether the shore is strong enough to resist 
this compression, we must use the formula for a long pillar., 
namely 

d\ 

B = a x p 

"Where a *=■ 15’5 for fir, d is the diameter or width in inches, 
and l the length in feet; L losing the safe load in cwt, that 
may bo put on the pillar. As, however, the depth of a shore is 
usually double its width, wa shall get twice the i-esi3tanee r as 
obtained by the above formula, or F should not exceed— 

Safe load = 31 x ^ < (V.) 

There will also be produced a cross-strain, S, acting at right 
Angles to the shore, and tending to bend it inwards, which is 
equal to the resolved parts of P, Q, and w —namely, 

P cos. 0, Q sin, 8, w cos. 0. 

And since these strains are uniformly distributed over the entire 
length of AE P the total amount of cross-strain at the centre is 
equal tq half their sum, or 

S =- § {Q sin, & + (P ii?) cos. 0}. 

If we substitute for P its value as found from (II.), wo have 
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To find the deflection (D) in the middle "which the cross-strain 
S will produce on a beam of fir, we use the formula— 



k 

b.d J ' 


■ . (VIL) 


The dimensions, D, b, and d, being in inches, and l in feet; S is 
to be expressed in cwt. If the value of D thus obtained is an 
appreciable quantity, it will be advisable to counteract the cross¬ 
strain by a strut g h, so as to prevent the resisting power of the 
shore from being impaired; and ths force S will represent the 
compression down this strut. If we wish to find what ratio S 
bears to the breaking-weight of the shove we can use the 
formula— 

b , d 1 

Breaking-weight ■=* 3‘2 x —t— < - - ■ (VIlL) 


b and d being in inches, and i in feet; the breaking*weight is 
found in cwt, Tho strain 3 must not exceed one-sixth of the 
breaking-weight thus obtained. 

"We can now determine the magnitude and direction of the 
resultant (R) of all the forces, its point of action being at the 
base A of the shore. Suppose this resultant to make the angle ^ 
with the horizontal A C, then by the rules of mechanics we have 

It. cos, ^ - Q 

R H sin. ^ = P 4- !(? 
from (II.) = Q r tan. 6 h- ' 

But, R R ^'sin, 4- eos H 

R = y/Q* ■+ (B + w)* ■ . . . (IX,) 

from which we obtain the magnitude of the resultant R, To find 
the direction of R or the value of the angle <b, we have 

R , sin, <£ B + w 
tan.. R . cCfSr Q 

= tan. B + ♦ . , . (X*) 
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This lust formula shows us than the greater we make the 
horizontal force Q r the ihotg nearly will the angles and 0 
approach to equality, or the direction of B get nearer and 


nearer to chat of the shore, for the quantity 


iu 

TQ 


diminishes with 


the increase of Q. The miniumiw value that Q can have is 
when F is nothing, or the head of the shore merely rests against 
the wall, and is not pressed upon by any vertical force, in which 
case w@ find from (III,) that the value of Q is 


Q - 


w 

2 tan. Q f 


and substituting this value for Q in (X.) we obtain 
tan, $ =± 2 tan, 0, 


In this case, therefore, the direction of the resultant becomes 
that of the line AE. "We see, then, that the resultant force B 
may have any direction between A E and A B, according to the 
amount of the pressure Q; hut it will generally lie nearer to 
A B than to A E, and consequently it is advisable to have the 
abutment at A very nearly at right angles t to the shore A B, in 
order that any horizontal thrust at A may be counteracted by 
the resistance of the earth, 

Eaivmple.—^We will now show the practical application of 
these ten formula, by taking the case of a bxick-and-a-half wall, 
40 feet high and 10 feet frontage, supported by a raking shore 
of fir 12 inches by fi inches, the top of which is 30 feet above 
the base of the wall, and its spread at the foot 6 feet. The 
angle A or B A G, will be 78° 41', tan. 0=5, cos. & == -1S623, 
sin, Q = b 9805fi, and the weight w of the shore ia 4^5 owt. 
Taking tire wall at 1 cwt. per cubic foot, its W will be 467 cwt.; 
its thickness t being £ of a foot. 

We first find the maximum horizontal thrust Q from (I.) 


_ W.t 4fi7x£ „ 

Q ■ rrne ■= “so~ = 9 cwt - 
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The vertical pressure P, -which Q produces, is obtained from 
(H-)r 

P - QtATu 6 - 

= (9 a 5) — = 43 cwt., nearly. 


This is the least value of the pressure upon the top of the shore 
that will counteract the outward thrust Q ; but, as in this case, 
the actual weight of wall above B is 117 cwb. f or nearly three 
times as much as the above value of P, wc see that there is but 
little danger of thB shore being pushed out by Q, provided it is 
tightly wedged up at A and B, as the shore cannot be turned 
about the base A without its head being lifted up, which would 
cause the needle to rise* and also the wall above it. For, if we 
put P' -= 117, we find from (III.) the value of Q' necessary to 
make the shore liit this load, 


qj _ 2 P r 4- w 
y “ 2 tan. 0 


1238-5 

10 


23-85 cwt. 


which is more than times the maximum value of Q as given 
above* 

The horizontal and vertical forces (P, Q) being known, we 
can find the compression F which they produce on the shore in 
the direction of its length from (IV.), 

F = P , sin. 0 4- Q * cos. $ 

= (43 x -9SG5G) + (9 x -10633) 

= 44 cwt. 


From (V.) we can ascertain what is the safe load that such a 
pillar will sustain, the length being 30"G feat, and the diameter 
G inches; 

Safe load = 31 d1 


= 31 x 


7 

(3Q’ti)' 


43 cwt. 


which agrees very nearly with the value of F obtained above. 
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The cross-strain S produced at the middle of the shore, and. 
acting at right angles to its depth, is found from (VI) 

ly 

E » Q . sin, 6 + j-eos, & 

- (9 x ‘98056) + (1 ■ 12 x -19623) 

= 9 cwt, 

Prom (VII,) we can find the deflection -which this strain of 
9 cwt. will cause at the middle of the beam, 




b . 3* 

(3Q-S)* _ 

6 x 12* 


■92 inch. 


In this case, as there is a deflection of nearly 1 inch at the 
middle of the shore, it will be advisable to introduce a strut g h, 
otherwise its resisting power as a pillar will bo impaired. The 
compression down the strut will he the above value of S, or 
9 cwt. 

The breaking-weight at the middle of the shore may be found 
from (Yin.)— 

Breaking-weight = 3 -2 x ^ 


which is ten times the strain S, which we have just obtained. 

The pressure which the resultant force E exerts on the base 
A can be calculated from (IX.)— 

H - + (£+wf 

= J 9» + (*5 + 2 25)i 
— 48 cwt. 


The direction in which this force E acts at A, or the angle 
which it makes with AC, is found from (X)— 


tan. 


= tan. B ■+■ 



2Q 

- 5-25. 



PLATE XL. 










ON THE MECHANICS OF RAE.INQ SHORES, 
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By referring tq el table of natural tangents, we hud that 5'25 
is tbs tangent of 79° IB\ so that the direction of R makes 
an, angle of only half a degree "with the shore itself,, when Q 
presses with its maximum force against the head of the shore. 

When P is notliing, the direction of the resultant is AE, and 
tan. ^>>2 tan. 0 — 10, in which case the angle EAO a 84° 18 H ; 
the value of the angle <A> therefore, will in any case he between 
70° and 84°, according to the amount- of the reaction {Q) at 3. 


The above example, it should be borne in mind, is taken for 
the case of one shore only in a system of raking shores; but 
when two Or more shores are erected against a wall in the same 
perpendicular plane, each share must be considered as resisting 
the outward thrust of its own portion of the wall only, and a 
separate value of Q must be found for each of them . 

It is perhaps needless to say that in practice it would not be 
necessary to make use of all the formula; which have been 
proved and demonstrated in this chapter, hut for the sake of 
those who are fond of mathematical investigation the whole 
science has been laid down in its completeness. An example 
which show's the application of the more useful of those formulae 
has already been quoted at the end of the chapter on raking 
shores, and it will be found that the rules there given will be 
all that are really necessary in actual practice. 

In conclusion, I must apologise to my renders for the some¬ 
what condensed form in which the proofs of the several fermuhe 
are worked out; but as I had previously stated that this 
chapter is only intended for those who are well acquainted 
with the science of Trigonometry and Statics, I concluded that 
any more elaborate explanation of the way of arriving at the 
different steps in the proofs would be unnecessary. 




INDEX. 


AkO-kES of raking shores, 11 

Bayeux Cath bubal, shoring at, 61 
Best wood for shores, 17 
Braces, 7 

CmcnESTEn towar and rpire, failure of, 37, 56 
Cross strain on raking shores, 8 

DANGEROUS structure;?-, 24 

,, ,, dances of London Building Act relating to, 3 

llifTtant* Lipurt System* Of Taking shores, 10 
Dogft, iron, 10 

Expansion of cement, 27 

Failure of foundations, 25, 31 
Flying shores, [0 
Forces acting on shores, d, CO 
Formula for pressure on hying shores, 20 
Formulae for needle shoring. 00 

„ pressure on raking shores, 12, 66 

Geoshont Chubcii, shoring of, 45 

Heaij of shore, position of, 0 
Horizontal shores, 19 

JotJGJ,E, 4 

Levering foot of shores, G 
Lime concrete in underpin ning, 2H 

MAcicjlkicb of ruling shores, Gd 
Medieval buildings, shoring of, 44, fih 
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INDEX, 


Needle anoxiKa, 23, 24 
Needles, 4, 10, 32 * 

Number of shores in Rptems, 9 

Objections by neighbours to frying ehoras, 21 

Position of head of tdiora, G 
,, needles, 32 

EjlKinCi shore, simplest form of, 4 
,, shores, systems of, 7 
Eemstatement of learning walls. 1C, 17 
Ecsponaibiiity of arehitoots, 33 
Eadar shores, S 

StaAjJrTiitKioa of flying shores, 21 
,, raking shores, ft 

Scarfs in raking shores, 9 
Shores, numbers in systems, 9 
Shoring of mediaeval buildings, 44, 63 
Simplest form of raking shore, 4 
Sole piece, 4, 11 

Stafford, shoring at St. Mary’s Cbnieb,, 3ft 
Systems yf raking shores, 7 

ToHBiJi, 4 

Trussing of raking shores, ft 

UlfDTGttPINSlNa-, 2tt 

YAftiEirsa of raking shores, 15 
Yatietyof flying show, 22 

WtfDff&S, uses and limitations of, 9 
Wood, best for shores, 17 


THE END. 


anAnBCiHT, aonr-w, £ c\>. ld., raiNm**, lohdoej ^ Tos&RjncjB. 
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OF THE DehIQN OF UlBDERS A HD ROPFfe, for the UBS of 
Student*, By G, A. T. Hiudletoh, A.1UJ.A, Third Edi¬ 
tion, revised, containing new chapters on Deejgniug a Steel 
Joist and Designing a Steel Place Girder. Will) 170 Illus¬ 
trative Diagrams and Folding Plates.. Svo, doth, 4s. Gif, net. 

'"Eba student cl Imlldltij? njHJrtmctwm n-i]] Anil aU be Lvuulitto Iitiwt -n* to tbc icl^tinu 

i'f ilrtwra aiir] bluri^i. tu Llif wi*rk ]iC rj'inj-- Lie engaged 111. FciUIldilJon^ ClLiuJLeJ.^ WSOL*. 

IfJKtfx, riefi! jfiiRtr*, Inf'll PTH, Htn-T-ulipirm, niM rdl token [ft fintojl„ .!UL<1 tbif vjiTyi,rip lirpr::™ j.if 

ntrti^ nrr niumJaUd Sn n, miffljjLt: way, nit that the SIWTfwt tyra ul maChjOIBalJ&i WiSt be StblG tu 

arrweDite and apply Oic iJictictpl^ laid di ^, M —Tftr X*<w-n<*r-, 

THE ELEMENTARY PRINCIPLES OF GRAPHIC 

Statics. Specially prepared for the hho of Students enter' 
log for the Examinations in Building Construction, Applied 
Mechanics, Machine Construction and Drawing, Ac., of the 
Board of Education. By Edward H audit, Teacher of Building 
Construction. Illustrated by 100 clear Diagrams. CiWn 
Svo, cloth, gilt, 3*. net- 

I'jiif.. Henry AdiLDLH, uTiiljm Lfi the AijUkIl ris^H :— 11 TTiiu kaiin tren-tfld tbc FUbjW't 

In * vtpy dear and Ickk id maunc t , und I tliael p.^itfl-inly race mine ad tbe bock lo iny 

.•Ihiih .'•IlliJit.i Is* &h 11: i 1 Must *f its kini.’ 7 

TREATISE ON SHORING AND UNDERPINNING 
and generally dealing with Dangerons Structures. 
By €- H. Stock, Architect and Surveyor. Third Edition, 
thoroughly revised by F. B. FAnnow, F.K.I.B.A.,, fully 
illustrated. Large Svo, cloth, 4 j, 6cf. 

H, T]it trettlae u * valuable addition to tke practical lilimry of tbn architect puh) 

laliWer, ami sno IiutLEI j mpiftinH nrl LL Ifl h-U injirinra. Sftiililtif jftfhM, 

DANGEROUS STRUCTURES and Howto Deal with 
them. A Handbook of practical data concerning ktruotural 
defeats and the host methods of remedying them. By Gno. 
H. Blaorovb. Architect and Surveyor, Second Edition, re¬ 
vised. With 1G diagrams and numerous tables, Crown dvo, 
eJoth, 3s. 6tf. net, 

CONCRETE ^ ITS USE SN BUILDING. By Thomas 
Pottbh, Second Edition, greatly enlarged, 500 pp. of Ten, 
and 100 Illustration&. 2 volt, crown £vo, cloth, 7*. 

ThisTTOrV dcal-s with vralh, paving, rnnfs, floor*, add other detail* oi 
Concrete CfttiatructLDii, and fn% describe* Ilia iatcH!; methods for rfin. 
during btii]difl£H fire-proof, 

DRY ROT IN TIMBER. By W. H. Biol ajek, A.RI.B.A. 
"With numerous Diagrams. Svo, cloth, Is. 6d. 



THE DRAINAGE OF TOWN AND COUNTRY 
Houses, A Practical Account of Modern Sanitary Ar¬ 
rangements and Fittings for the Use of Architects, Builders, 
Sanitary lufipectorn, and those preparing for examinatiotiH 
in Sanitary Science, By G. A. T. Middleton, A.K,LB,A, 
With ei special chapter on the Disposal of Sewage on a small 
scale, including a description of the Bacterial Method. With 
33 lilustrations. Large Svo, cloth, 4a §d, net. 

" A vrey pmplote esrouLtioro <rf the? prmelpEts Mid d^tad]?- ■ ,f modem practwc i"u thin 
bram-tm? ;WRl|m unit viitlf. , , . It 'idl] ■v™ll tt-psy Hummltuttim by every uiie eaUeU 

Ijpjn tOUL-nl with tbi? j)n>UI(Tn tif ilfnne^lit HHUiitrtW4H> from Ell E efwtru-ctimiil Hills/ 1 — 

" Very nj-Liablt' imtl pr&£tE-: #1. v '—IVi.• J'i'ii rr.Tirp rrh^i Jtewtrftffljr. 

THE PLUMBER AND SANITARY HOUSES. A Pm- 

tical Treatise on the Principles of Internal Plumbing Work* 
By S„ Stevbn& Hell^er. Sixth Edition, revised and enlarged* 
Containing 30 lithographic Plates and 262 woodcut Illuefcrw- 
tions. Thick royal Svo t cloth, 12a, ficf T 

PRINCIPLES AND PRACTICE OF PLUMBING. By 

S, Stevens* Hellyer, Fifth Edition, Containing 294 pp, of 
text and ISO practical illustration^. Crown &vo, cloth, 5s. 

T EC H NIGA L PLUMBING. A Handbook for S t udents and 
Practical Men, By S, Ban low Bennett, Lecturer on Sanitary 
Engineering tn the Durham County Council. Second Edition, 
revised, with about 51K) Illustrations, Large dvo. cloth. 
3a fit/. net, 

Enttrtitf AVtu can! Improved Edition, super-setting a tl previous issues. 

CLARKES TABLES AND MEMORANDA FOR 
Plumbers, Builders, Sanitary Engineers, &c. By J. 

Weight Clarke, M,S.I. With a new section of Electrical 
Memoranda. Small poekefc si^e, leather, 3 s. 6cf, net. 

“ It iu <iTiii i; i.-.ly 1 - 71 , 1 . i if 1;5lr'hiiiL'ri it 1r>i«U-»;nnri kIhhi 1<1 itny tn bin jnyiket- Clm 
mLmtfuiily 0* he (tuf s< Cl funt l ilte.’"—rrnJ f/f&rrOtnf. 

•‘•Tli* lupcicuit i.f Er,fi■ rj: 11 l f ii :l Ibix i^thplli sii bltb! wi-rk tsciliiijirt in 3 zikJ"^'uL]i^uh. 11 — 
Strrittr rp Hri'/rd. 

PRACTICAL SCIENCE FOR PLUMBERS AND 

Engineering Students. By J, Weight Clarke. Treat¬ 
ing of Physics, Metals, Hydraulics, Heat, Temperature, <fcc., 
mid their application to the problems of practical Work. 
With about 200 Illustrations. Large Svo, clotty 5a net, 

PUMPS: Their Principles and Construction. By J. 
W right Clarks, With 75 Illustrations, Second Edifion r 
thoroughly revised, dvo, cloth, 3s, Gtf. net. 

HYDRAULIC RAMS: Their Principles and Construe- 

lion. By J, Wright Clarke. With 3G Diagrams. dvo t 2 1 . 
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A thoroughly and practical Trittiite. 

SANITARY ENGINEERING. A Practical Treatise on, the 
Collection, Removal and Final Disposal of Sewage and the 
Design and Construction of Works of Drainage and Sewerage, 
with special chapters on the Disposal of House Refuse and 
Sewage Sludge, and numerous Hydraulic Tables, Formula* 
and Memoranda, including an extensive Series oi Tables of 
Velocity and Discharge of Pipes and Sowers. By Colonel 
E. C, S. Mooile, ll.E.j M.S.f, Second Edition, thoroughly 
revised and greatly enlarged. Containing S30 pp, of Text, 
140 T&blea, 8&0 Illustrations, including 92 large Folding 
Plates. Large thick 8vo, cloth, 32s. net. 

fl . , . Tiie task la Indeed a full And wimplet* tpitomi of t)i? IfttoAt piaeUee it 
safliitTT rmpinwiinTlff, $nd n w B. IhmV of rtfeTUmcc it in ¥nnplj indtApt nsmUlt' JW* rViWJc 
JlAflifS JTn.jirniT- 

WATER WORKS DISTRIBUTION, A Practical Guide to 
the Laying Out of Systems of distributing Mains for the 
Supply of Water to Cities and Towns. By J. A. McPherson, 
A.M.InatC.F. Fully illustrated by IS Diagrams and 103 
other Illustrations, together with a Large Chart (39 r -' x 20 rJ ) 
of an Emmple District. Large crown Svo, cloth, 3 j, net. 

GAS FITTING- A Practical Handbook relating to the 
Distribution of Gas h Service Pipes, the Use of Coal Gas, 
and the best Means of Economising Gas from. Main to 
Burner. By Waiter Grafton, F.C.3., Chemist at the 
Beck ton Works of the Gas Light and Coke Co, With 14 3 
Illustrations, Largo crown 3vo, clotty oi, net. 

11 Th* [uftJiar h <h na^guiwfl MrttooriJr upon tbe subject of fl** sad flaafltten 

others who intend to Btaidp gflullitiuf In practical detaSL win llnd tin; Uixik mra*i 
aetvdcan.'taLfl.”—TWi fluiEdfr. 

STABLE BUILDING AND STABLE FITTING. A 

Handbook for the Use of Architects, Builders, and Horse 
Owners. By Byno Girauo, Architect. With 53 Plates and 
72 Illustrations in the Text, Crown Svo, cloth, 7s. 6d. 

Ann FT Eli A3 THE TbXT-BOOX BY THU SURVEYORS’ INSTITUTION* 

FARM BUILDINGS 2 Their Construction and Arrangement, 
By A, Dudley Glakkr, F.5.L With chapters on Cot tagee, 
Homesteads for Small Holdings Iron and Wood Roofa, Repairs 
and Materials, Notes on Sanitary Matters, &e. Third 
Edition, revised and enlarged. With 52 full-page and other 
Illustrations of pl&ns, elevations., sections, details of construe' 
tion, Jcc. Grown 8vo, cloth, 6#, net. 

*' TO HyelLIttcla and HurvAjrijTB. -wSiOEB lot it may bS £>lUL Ot Hied Iff building* Of fcl»a 
kind, the toEueh-d will ba of sLil";iI.i" Aerric^"— p / ‘i Uca^iol. 
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RESIDENTIAL FLATS OF ALL CLASSES, including 

Artisans 1 Dwellings. A Practical Treadle on their 
Planning and Arrangement, together with chapters on their 
History, Financial Matters, it* With numerous Illustra¬ 
tions, By Syu.mey Phuks, F.KJ.B.A., P.AjS. 1. With a large 
number of plans of important K^mples by leading avchltecbi 
in England, tin? Continent, and America, also numerous 
Views from ijpecinl Pliotogmphs. Containing 300 pages, 
with 336 Illustrations, Imperial tiro, doth, 3la, not, 

M Thu? (irLiit 3nuiuij[ji'i]jlL nrf lln- v.'ilv W 4 U( Mt, IVrf;:* 1 ImujV; tin. Ihe [iLiIhilliljY hJ l!at-i—K 
^UvniiflJi .3 Fiil'll (if ilr'ilupikhiuiiiL-,”-- Tfi" k(Mi|| AVu* 

" Atititartluiir it in jl IkiiiEC. wiiii-h i* nut ?ni]y piLh[u^ in iixi ]Ljdj-i:tit[i|il 1 [HmlUfi.'-, but £« 
'■►iin 1 4 whiili wtop* jmjie Iulhsi jimeriial tonth/uiy. It (fiBl then hi it, t# a MiHLnfl ..f puJtt 
til HftillttLT'luntiil Tn 1xu5Lcli!!rx iLs vttLL |im t<> BpL'niluti — Tiif -irtltiltTrf. 

MODERN SCHOOL BUILDINGS, Elementary and 
Secondary. A Treatise on the Planning, Arrangement and 
Fitting of Day and Boarding Schools. With special chapters 
on the Treatment of Clas&Roome, Lighting, Warming, Ventila¬ 
tion and Sanitation. By Felix Clay, B.A., Architect. Second 
Edition, thoroughly revised and enlarged, with many new 
plane and other illustrations. 55G pp. with 450 Illtigtrationg 
of Plans, Perspective Views, Constructive Details and Fittings. 
Imperial &vo, cloth, Sos, net, 

lL tlm :i<nik in full 'ij viiIt.ilIm’ iiifcnn .:ici.;i:i : , .it. , FilLIv HriaJsniiti htii 3 liic ulifEujt Jh (-h In 
wnmatafuted on t3io pnidia'tihKa of * vrtufc whlrfi ahaulil #t atJet 1 fatin' rnjilf ^ Uw ntiuwliu , 4 
atlSlli.iT5Fy tin ih*: Kulijimt . 1 ’—Thf AsdilintUi'al ttcvlrwi 

" iEr. C]m-j' h^n pL-odiu™i a wuft uf Kill and l&ndaji vKluo. Ic mlrctfi irrwi credit era 
his induriljy, ul:i]:by, iiihl iuiTypcirut, und i» Likely tt> rcuialii fur hcam lijuu On 1 lkklliI£ 
Freili on the amtltBctuiHl requirautentH irf HecondiWT fldumtiou —Tit* JT* lH*r r 

THE PLANNING AND ElTTlNG-UP OF CHEMICAL 
and Physical Laboratories. By T. H. Kusssr.L, M.A., 
Architect. Illustrated by 3G Plana of Laboratories, Working 
Drawings, Sketches and Diagrams of Fittings and other 
Details- Demy Byo, cloth, 7s, 6fL net 

THE PRINCIPLES OF PLANNING. An Analytical 
Treatise for the Use of Architects and others. By Percy 
L. Marks, Architect. With Notes on the Requirements of 
Different Classes of Buildings. Illustrated by ISO Plans, 
mainly of important modem Buildings Second edition, 
revised and enlarged. Large Svo t cloth, 8s, fid. net, 

L ' Pur It dlMlB^hkUdefl attempt Id ^(th n widely HJiUniliu^ mbjei.'t^ Our 

uutlLfri- hiai L'-mUvifori* vary n'clL Hi* fungv of intercut* if? wide; hi* chojot' of omttej: 
j lldicUHH. lAbiTUJ 1 bp bn-, tlcp-Tly Tint. KtEntpl. n.™l hSu niLCcliui In ll^Ta.ngi!Jg , 111* lETgu 
Imdu'.ulL uf bittttliil Ls mOrthY uf mifh pR*ib?."— 



ARCHITECTURAL SKETCHING AND DRAWING 
IN PERSPECTIVE. A progressive aeries of 3G Piatca, 
illustrating the Drawing of Architectural Details and Sketch- 
ing to Soale ; melodic g chapters mi the Plan and Measuring 
Point Methods, the Simplification of Perspective by R j e 
method, and on Figures, Foliage, &c. By H. W. Robkktr, 
Autlwr of ' ‘ Jl J s Method.” Large imperial 8vo, cloth, 
7 k GJ , net. 

This brink provides ft progressive cocrue of perspective drawing 
founded to some evtenl npnji the welhlmowo It's Method, showing 
its applienikm to various problems. of pracdoftl work. Its aim is fi> 
] i resent [n&tS|.iectLv r e drawing in a simple form, rujii to aid the drau^hLs- 
nmtt by viiaetitg fit his disposal various practical expedients to simplify 
the details of his work. 

THE PRINCIPLES OF ARCHITECTURAL PER¬ 
SPECTIVE* prepared for tho tine of Students, with 
chapters on Isometric Drawing and the Preparation of 
Finished Perspectives. By G. A. T. Middleton, A.lbl.B.A, 
Illustrated with 51 Diagrams, and G full-page and folding 
Pintos, including a. series of finished perspective views of build¬ 
ings by various ArcbiteOts. Demy SvO, cloth, 2$. Gd. net, 

ARCH IT ECTURAL D RAWJ NG, A Text-Book with special 
reference to artistic design. By B. Phen^ Spiers F.S.A. 
With 38 full-page and folding Plates, 4co, doth, 8*. Gd, net. 

ALPHABETS OLD AND NEW. Containing 200 com¬ 
plete Alphabets, 80 series of Numerals, and numerous fac¬ 
similes of Ancient Dates, &C., with an Essay on Art in the 
Alphabet. By Lewis F. Day. Second Edition, revised, with 
many new examples Crown 8vo, cloth, Ss. Bd. net, 

lL Everyi®* Wlm mnplrvyrt prfflrHrtlll lctCcrlTtn w3] lw ffmteful for J ASuli&totn, <M ftllit 
.V-™,' ilr. iin.fi WiiLfirfl a NtJlCiJuL'ly HJlil SDlnxlnrliiifl, JuL-l tiJBfributifitt houk 1 

lviaaGii yl tljthjiVt* of Sis imi d*MpL. M — FA- Jt* /ain-unl, 

A HANDBOOK OF ORNAMENT. With 300 Plates, 
containing about 3>G0Q Illustrations of the Elements and the 
application of Decoration to Objects. By F, 5. Meyer. 
Third Edition, revised. Thick Svo, cloth, 12a. 6cf. 

|L A LI bury, a MuEeom, an Ejicycl5jw.dia.iDd ar: Art SeliMl Ja cue. Tlui it 
pratijniUr ftpilciLt &r n hbu^nid. Work? on resign. '’—Tht S&hMo, 

A HANDBOOK OF ART SMITHING- For the use of 

Practical Smiths, Designers., Architects, &C. By F. S, 
Meyer. With an Introduction by J, Stare je. Gardner. 
Containing 214 Uluetrations, Demy Svo, doth, fD, 

"An iXMll-fint. dear, IlLLcirgaiit, SDd, ad far in Ltn size ri’rrnir-'i, COInpLfitE 10$DuTvt 
of tlifl drift pf Working sq Irpn ictCTHtlTO rurpOBCfl. 15 — Tii£ AtihentTHML, 



HOMES FOR THE COUNTRY. A Collection of Designs 
and .Examples of recontly executed worka. By R, A . RuUica, 
Architect* F,B*i.BrA.j Soane Medallist, Author of H[ Bunga¬ 
lows,” Containing 4 Pi fall-page Plates of Exterior and Interior 
Views and Plans. With descriptive notes. Demy 4to, cloth, 
10s. Gtf, net. 

11 Tlui ftTlftlU'Et&MlC. I>f 111n p|:.+U:-< yp-jL-Lf=!LIIj.■ IfiiVGUlu u injuLCtthalld !Ll. (Ills '.‘ln--s '.if juvlli- 
fcctltre.’— 7 Tlc M .Wall GnxfH', 

BUNGALOWS AND COUNTRY RESIDENCES. A 

Series of Designs and Examples of recently executed works. 
By R A. BiugoSj F.R.I.RA. Fifth and Enlarged Edition, 
containing 47 Plates, with description a, and. notes of coat of 
each house. Demy 4to, cloth, 12a, $d. 

'"Tho^e wlui, dadre ifiaon mid urigiii nifty in (licir nulmrlmn ilivuliinipi tuitflft Sultr 
luiLflj- u. nii'ia.>jl« biut fnsuL thin bisdk3£'^- Timer. 

A BOOK OF COUNTRY HOUSES. Containing 63 Plates 
reproduced from Photographs and Drawings of Perspective 
Views and Plans of a variety of executed examples, ranging 
in size from a moderate-raized Suburban House to a fairly 
large Mansion, By Eiutesit Newtek, Architect, Imperial 
4tOt cloth, 33s, net. 

Tllfl liOllWS QLUBtntted in tiii-s volume may be taken eis roprenenta- 
cive of the English Country Hnnso of the present day. They offer 
much variety 3n their size, their kLeoe, Ihe cni*i'(U;!er uT the nssifce] ini.-, 
in which they are constructed, and their types of plan. 

THE COUNTRY HOUSE, A Practical Manual of the 
Planning and Construction of Country Humes and their 
Surroundings. By Charles E. HooPfiit, Containing 350 pp., 
with &Sw>ut 400 illustrations, comprising photographic views, 
plana, details, Ac, Crown 4to, doth, 15s. net. 

Tills VOluiUO ivhrosrflrf li-ipUt ftiul jHUitiuuL iUdviDC' im tbo splwtilin ^if tin? (dtit, llie 
plunjliiif.', .:!■■' ]u'j. Limit detllllrt i if ■runHtnwtigp and mlkitaitlCrilL, the artfadtr trvjitjnnbt i:.f tLr- 
iutetair, aivl the tajin^-out nil (he jpruuiritfl. AJrtvinfflt ]>v an, AtJUTkan fid- 

A i BBiiniiw. than* ii a |E»*t dnni which )M pariauJart^ np.y>lttsft.l>!l€- U t Esijrj.-.lj hum**. nail 
rQU|i]i Ijf the aittliitfiPtaH! LHiist/uHed 5 h HtruilgJj mnipiuci'iit oF tlir mirk Ilf >■ irn i: of our 

En.ljlL'ib jimtilEeuUi, 

MODERN COTTAGE ARCHITECTURE, Illustrated 
from Works of well-known Architects. Edited, 
w r ith an Essay on Cottage Building, and descriptive notes on 
the subjects, by Maurice II Adaair, F.tt.J.RA, Containing 
50 plates reproduced from the architects’ drawings, with the 
plans of each subject. Royal 4to, cloth* 10s. G</. net. 

Th*: rauLtng&i ivhkh ^fr r A dura u lnui HelL-cted would do credit tir *ny cutiKt in 
tJpij 2 uT.il, 11,1 — Til' -d rrHO-r/, 

■" It ubiinld nrfel wiUi a Surer mile. Thp author tun-- b*eci vim- en.inph in set t^.'lhfT 
A varied ncyls of Jeniijn by vurknuf urehitectH wfiv Have utuva lnark**! ability in ihi» 
dij-erl iiffl.' '-—JjiT lSriti/i.fi AtV-li 1 1'fl, 
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MODERN HOUSING IN TOWN AND COUNTRY, 

Illustrated by examples of municipal arid other schemes of 
Block Dwellings, Tenement Houses, Model Cottages and 
Villages, and the Garden City, together with the Plana and *" 
other illustrations of the Cottages designed for the Cheap 
Cottages Exhibition. By James Cornea, With many Blaus 
and Views from Bra wings and Photographs, accompanied "by 
descriptive text Boy at 4-to, doth, 7 s, Gd, net. 

^’Ife Vltln-U ift HL'HJt, Jlfl s\M} (-nnUrw [liii illLmtrutiQHiH ti5 Ini mfrirfftctary fn StaJc; jc*i 
TOiiT, for a tenib aj tupdourij 1 llliij-tifftted, i--- mj.Tvrimi!ffly lur ? it will, d-mititLfiH*, b & see c-plu C 
rai name time to coma** a Mbajidanj Look d! oa the halijiinfa.”—. 2^ rfr ma, 

ir Mr. Coliia/h batik ls euiuisnUr vnoairat ftzitl mjrri walds, and ’rriJl ftartruaty ’iHiij;i 
FuLWttril tilG FCbOTHSM ftir JuiLtetllf ittfunfl.’ 1 —JT.vs 

1 Lj n*e jMtliHflbinr ia ta te craijmSulaffd mi tli* ciArllMit maftiMr in wbtoli the jiMen 
hn.'vt bran [ijndijrijd. Thu teak alwnild be (if panmneiit volim to aJ] canrmiird ith Ui<: 
WuHung i]H&tltitl, "lltthtif rawibn-rn (if □rnmi"!:ii>±] iULSiriiitiiisi, pjH]HJif|]iop[a eUipldFPta, 
ciL' M.'rtti3i't l L+!i full] tuQdfcfti Jl — ii'Vii fiWr't&Ni 

HOUSES FOR THE WORKING GLASSES. Com. 
prising 53 typical and improved Plans, arranged in groups, 
with elevations for each group, block plans, and details. Bv 
S. W. Crantibld, A.B.LB.A, and H, I. Potteb, A-ILL B, a. 
With descriptive text* including Note?? on the Treatment mud 
Planning of Mm all Houses, Tables of Sizes of Booms, Cubic 
Contents, Cost, dtc. Second lidition, revised and etilaiyed, 
with many additional plaue. Imperial 4to, cloth, 21^ net. 

Tills bonk deals with Cottars aiiiiable for the Working CIhsew in 
KubniTbail and Lara! DiitrictE. The majority tiF thfl Ginjnplcs IliuStmter] 
consist uf two and three-EtOL'Ey dWullinj'K, adapted to lie lj uilt in jaiii?. 
grcai[iS Cl temicBS, ami vary in cu»t flnm a-bout ft I SCI to .£400. 

■' Aa a. book pf of Oie-beat-sjcaTAjilea of houtos si this liuJ, tb& ■wnirk la the muttf 

i-umplet* ft'e have bped . 11 —Thr JlftJitifaj A>uw. 

LI Thu: teak uunitfl ft ftsEbncS w&ni. Thu subject ia mot written mum], but tteieituhlv 
tkrflBlifd out; Mri wtoit tet'i good iUuaiie lions to hihLh, denr lfitterjjrew^ and utercijuit 
iftSlpi of Bfeua, &e., duero in no lark o informatlori for tbooe in ■can'ih nf Li, We cou- 
IfrfttLilfttO tilft ffutbtfraan tltfiir Efttei|irii*e .' J —The Sxrv£]jBi\ 

THE MODEL VILLAGE AND ITS COTTAGES' 

BQURNVILLE. Illustrated by 57 Plates, consisting of 
38 views from specially taken photographs, and 111 1 plana and 
details of the village and its Cottages, with ft descriptive 
account, ftitd some notes oil economic Cottage-building and 
the 1 avi ng-oti t of Model Yillagea. By \\\ A ixu ktieu U ahvb r, 
Architect. Large Svo, cloth, Sk fir^. net. 

Jn tins volume speciul wtlentinn is given to tliftt side of cotlaye 
bnildiog which uoiles taste with economy of const ruction, beginning 
with rowe Of no ItaB than eight cottn^es, the Authof illnitrafeg blccliK 
of four, three, and two coitajjoa, followed by some examples of silicic 
cottages and larger htuwea, the ooste ranging throughout, from tflSdto 
£600, with a few typical Intcriora. 



A HISTORY OF ARCHITECTURE ON THE COM¬ 
PARATIVE METHOD for the Student, Craftsman, 
and Amateur. By Banister Fletchhb, F.E.I.B.A., late 
Professor of Architecture in Xing’s College-, London, and 
BanistAr F- Fletchjck, F.K.l.RA, Containing 800 pp,* 
with 300 full-page Illustrations* reproduced from photo¬ 
graphs of Buildings and from specially prepared dm wings of 
constructive detail find ornament, comprising over 2,000 
Illustrations. Fifth Edition, thoroughly revised and greatly 
enlarged. Demy Bvo, cloth, 21,*. nek 

" Pur Thb SrnitttST’fl Manual thb Eib-tchu- op AuLJMTttcru kb.’ 1 '— 

ArtAftfcr. 

H ,, . It is conemlj witieia und pr'nf n^ely i33iifi|T.!i(i?i br pints* of fti! tbs ijpi«J b^lld- 

ipgfl Of Mtfill COlintr}'BDd IMrlnd. . . . WILL TILL, A VOID IS ul'B LlTB&JlTUaV-*'—fTuefatTirf A'™. 

. . H Aft tOUTLiiTB aB it Will. <TAs mb. 1 '— Tkf. Timti. 

THE ORDERS OF ARCHITECTURE. Greek, Roman 
and Italian. A selection of typical examples from Nor¬ 
mandy Parallels and other Authorities, with noted on the 
Origin and Development of the Classic Orders and descrip¬ 
tions of the plates, by ft. Pn eh e Spikes, P.S.A., .Master of 
the Architectural School of the Royal Academy. Fourth 
Edition* revised and enlarged, containing 27 full-page Plates, 
seven of which have been specially prepared for the work. 
Imperial 4to, doth, 10a. G d r 

J< Ad i Eidisyti! HH blfc posTonnlon to nil HtodEiste of *Tcliltncture ."—Tbt AnfiEtert. 

THE ARCHITECTURE OF GREECE AND ROME. 

A Sketch of its Historic Development, By W. J, 
AuPBRaoN, Author of K The Architecture of the lienaitisaiice 
in Italy,and tt. pHEjrfi Spiers, F.S.A, Containing 300 
pages of text, and 185 Illustrations from photographs and 
drawings, including 43 full-page Plates, of which 27 anft 
finely printed in collotype. Large S-vo, clutb, 1S*. net. 

cl It ip- *i.;nln a ttiitI: jik manj 1 wfuflintfl of artbitectOTe H-tkI tltT classic? WnJ? 

realTDial fur, lUld lost preciPUP ymre ip Miipplyiiuj its plfcM. 1 T/H Architect. 

Fl TIie Whole «myej> n vivid und sc Ikj la Ay picture of clsaswcart,"—/tniipA 

THE ARCHITECTURE OF THE RENAISSANCE IN 
ITALY. A General "View for the Uae of Students and 
Others. By Winm ih J. Ahdebsoe* A - RJ, B. A, Third Edition, 
containing 64 full-page Plates, mostly reproduced from 
PbotoKraohs, and 98 Illustrations in the Text. Large Bvo, 
cloth* 13i. U. net. 

“A dilHubtftil And M-bfUriy book, vrhich iUirfUd pMVfl * boon to lrrllltoeti inS 

-it--1.1 J :rj-Ls." - T7i :'i- Ji. !,B r A . 

LL atuiutd I'fl.ht £hp betit .JUThLtoetuml miSing* of Hit &hy.''— TH Eitinhsu-gh 

lilt' frr, .. 


A SAW AND EPOCH-MAKING 3QUK. 

GOTHIC ARCHITECTURE IN ENGLAND. An 

Aiialyain of the origin and development of English Church 
Anchitacture, from the Norman Conquest- to tha Dissolution 
of the Monasteries, By FkANCid Bgsd, Hon. A.R.LB.A,, 
Containing &Q0 pp., with 1,354 Illustrations, comprising TSo 
photographs, sketches, and measured drawings, and 4AS plans, 
sections, diagrams, and moldings. Imperial 8vo, 31s. Od. net. 

' L Tht fuUist luul mcett complete iLluHTuted tiytti *n nn blm Htibjout jrbiab. baa ji'h 
■u]>Jk.urrd- . . It 1 h Pr l:>:mk whi.eb cflrj- i)f file hi tet 111 re, pitiiJ r e--H:L 5 n;il tir iiniLtflUl'i 

might bj Ilhvl - .' 1 — Tht flll'ilfcr. 

4i Iterfccclj 1 ci'A-et]!-', mid ulmpC. aaaipLctc und tht-rou^h, ttia urent book Jujavrx mtlbten 
t'S In 1 - iiraur-d .”—Tie Si* rC. 

“ It Tiring tbc stud;' of ar.-lil bJut iLie up t-u the etuiMbml ihf madam ide.ilp. find hIjduLi!, 
«b eiud, l-uny remain, the (lent Emnk of Els kbiit hi Urn language,”—TO a tti-itfofi ArtirVtet. 


EARLY RENAISSANCE ARCHITECTURE IN ENG¬ 
LAND, An Historical and Descriptive Account of the 
Tudor, Elizabethan and Jacobean Periods, 1500—1635-,. By 
J. Alfred Ggtou, F.S.A, With 88 photographic and other 
Plates and 230 Illustrations in the Text from Drawings and 
Photographs Large Svo, cloth, 2D, net, 

14 A more SijjiffhtFu'L boot the ruthirent it Tiadd he burd ti> And. The uitfam'Y 
Wrll-cbiwrai iDuHtTHtiODA (usd C4J rcful. ws'll-wiilts'n ilrfKfixixiHnha hiJil nine’s isiturmb nver tilt 
v^linLe SIC pnffM irf thi: bunk. Mr. Outeb ah iwh h^T sfclilleiitiijt iavclppefl from lju± jiei-c 
Oothin tliT-rjuifiti ’Tiular. EHzabetfiJui, and Tuwibetui jjJuoiiij, u^td Ulk FuJ L Itemus-iLr^, whta 
fil.iHHLMii s’eatuseB ribUiriiK! Uti! ui*Ht«rv over o-ur Engl)ah ■wortt. 'L'he wok -h quCte a aLaii*- 
htJUEB C* r^furante nUC, IllTMUKthHi, find dbOULil Le quite lndispfl bauble d> Lfou UTCh'i&£CG r ii 
LI Imu?,The 8*iiA& h/cXited. 

CLASSIC ARCHITECTURE, A Series of Ten PJateg (size 
20 in, x loin.) of examples of the Greek and Roman Orders* 
with full details and a Selectioti of Classic Ornament, By 
Charles F. Mitchell and Gj:q rob A. Mjtchetj^ Lecturers 
on Arcliitscture, Regent Street Polytechnic, W. With de- 
scriptive letterpress, in portfolio, pricy 6*, net, or tlie Set of 
10 plates without text or portfolio, prteo fw, net. 

The T3 sna pies jllustraiul are as f. llnwa :—Plata I,—Uorie Qrdur 
Jmni the Parthenon, Athena. I I.— Ionic- Order from t-Lie Krecdlthewn, 
Athena. III. CurlnthhiD Order irom thu Monument of LjBletAtai, 
Athena. IV,—Th9CM! Order, with Portion of Arcade, bflSOd XIpOLi Lho 
dfsipn of Bftroszi of Vignola, V, — Doiig Older from the Thentrc of 
ilarcelltiS, KoiPC- VI.— IohliS Older from the Temple of Fotl Ufla 
Virilia, VII.—Corinth lild Or:k r from the Templeeif Castor snd Poll UK 
(JuidtCL" Stator), Homo, VI1L—Composite Order from the Arch of 
SepdiiuiUB S-cyeru*, I Comb 1X.—K Samples, of Gnask Ornament. X.— 
Tjpirtil Kotpan Ornament from JJdildSujjS in Remo. 


B- T» BATSFORD, 94 , high holborn, London. 
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